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Preface

This proceedings of scientific papers is a compilation of articles submitted by authors that convey
results of recently completed research. These results were presented at the international event titled THE
PATH FORWARD FOR WOOD PRODUCTS: A GLOBAL PERSPECTIVE, held in Baton Rouge,
Louisiana, USA, October 5th-8th 2016. This event was organized as the 9th international scientific
conference WoodEMA 2016.

This year, for the 9th Annual Conference, there were many “firsts”. For the first time the conference
was being held outside of Europe, in Baton Rouge, Louisiana, USA. WoodEMA was partnering for the
second year with the Forest Products Society as well as the Louisiana Forest Products Development
Center and the Louisiana State University Agricultural Center. For the first time, we joined the U.S. Forest
Service as a conference partner.

The proceedings and conference reflected the conference theme: The Path Forward for Forest
Products: A Global Perspective. The main goal of the event was to exchenge and transfer knowledge by
international experts and scientists in an array of topics and issues facing the global forest and forest
products sectors.t. Scientists and experts, 61 of them from 14 countries of 4 continents (11 European
countries, India, Nigeria and United States of America), in 28 articles, presented their points of view on
technology, organisation, economics, marketing, trade and environmental issues which are important in
market competitiveness for industry, regardless of country or region.

Prof. Richard Vlosky, PhD.
WoodEMA president
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FASTIGIATA URALICA – A NEW DECORATIVE FORM OF SIBERIAN SPRUCE
(PICEA OBOVATA LEDEB.) FOR LANDSCAPING

Zalesov S.; Opletaev A.; Pryadilina N.; Damary R.

ABSTRACT

In this paper the authors describe the shapes of Siberian spruce used for landscaping in the Russian
Federation, with focus on an attractive new decorative form of Siberian spruce (genus Picea).  Spruce are
suitable both for avenue planting and also for landscaping. Considerable interest has been generated in the
territory of Sverdlovsk region for new form of spruce with a unique combination of columnar crown and drooping
spiral branching.  The appearance is similar to the cypress. A columnar crown has great potential in landscape
architecture. The authors propose naming it as a reflection of the crown, the place of discovery and the name
of the discoverer: Siberian spruce 'Fastigiata Uralica’ (picea obovata ledeb var 'Fastigiata Uralica' Opletaev).
Once large-scale cultivation of Siberian spruce 'Fastigiata Uralica’ is achieved, (and the research team itself
will undertake this) the tree will be brought to the market for landscaping usage.

In the paper are also discussed the economic aspects of the potential market, including branding.
Keywords: Siberian spruce, columnar crown shape, drooping branch shape, spiral branching, Picea obovata
Ledeb. 'Fastigiata Uralica' Opletaev, economic aspects of landscape design.

1. INTRODUCTION

Enhancing the welfare of the population includes meeting the desire of citizens to improve the
environment. In this context much attention is paid to landscaping. However, the creation an aesthetically
appealing landscape is difficult owing to the limited range of tree species suitable for the harsh climatic
conditions. Foresters, both in Russia and abroad, are seeking to expand the range of woody plants by the
introduction of exotics, as well as the selection of decorative forms of local flora species [Zalesov, Platonov,
Gusev, 2011; Kozhevnikov, 2013; Krekova, Dancheva, Zalesov, 2015].

Particular attention is paid to conifers, which lend themselves to decorative year-round landscaping. The
most attractive in this respect are the various species of the genus Picea [Alexandrov, 2010].

2. MATERIALS AND METHODS

The range of woody plants in the taiga zone is rather limited. This is due primarily to the harsh climatic
conditions, which limit the appearance and natural growth of thermophilic species. Expanding biodiversity in
these conditions can be achieved only by systematic work on the introduction of plants and the identification
of promising species and forms. Indicators for assessing the viability of plants and prospects for their cultivation
are typically:

 the degree of maturity of shoots
 winter hardiness,
 the regularity of shoot growth
 the ability to develop genetic and cultivation methods.

The most successful methods for evaluating the prospects of woody plants are the methods of the Main
Botanical Garden [Kupriyanov, 2004], as well as a modified version of the proposed Gusev et al [Gusev, 2009].

3. COMMON FORMS OF SPRUCE IN RUSSIA

The various forms of decorative fir trees (spruce) have long been widely used in landscaping. The species
shows significant polymorphism – there are about 130 natural and garden forms of European spruce (Picea
abies (L.) H. Karst.). The decorative forms include: columnar, pyramidal, weeping and subramose. Diverse
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dwarf forms are found with a cushion, spherical and hemispherical, and with a cone-shaped, as well as
pyramidal crown.

Not all forms are used in Russia and especially in the Urals. For landscaping Russian cities the most
popular decorative spruce varieties with their weeping form and various original crowns are: (Figure 1):

 Norway spruce 'Acroсona' (P. abies 'Acrocona'),
 Norway spruce 'Virgata' or snake (P. abies 'Virgata' ),
 Norway spruce 'Cranstonii' (P. abies 'Cranstonii'),
 'Pendula Major' (P. abies 'Pendula Major'),
 'Frohburg' (P. abies 'Frohburg'),
 Norway spruce 'Formanek' (P. abies 'Formanek')

Figure 1. From left to right: Norway spruce 'Acroсona' , Norway spruce 'Virgata' (snake), Norway spruce
'Cranstonii'′

Figure 2. From left to right: spruce 'Pendula Major', spruce 'Frohburg', Norway spruce 'Formanek'

Dwarf forms of Norway spruce are widely used in landscape compositions, both in single and in group form.
Using dwarf forms improves the aesthetic appeal of ornamental plantings, especially the lower tiers. Often their
use in city gardening is difficult because of the low resistance to most forms of air pollution.

In Russia the common dwarf forms of Norway spruce are:
 'Barryi' (P. abies 'Barryi'),
 'Push' (P. abies 'Push'),
 'Will's Zwerg ' (P. abies 'Will's Zwerg').
 Also widely used in landscaping are the dwarf forms of Norway spruce known as:
 'Little Gem' (P. abies 'Little Gem'),
 'Pumila Glauca ' (P. abies 'Pumila Glauca'),
 'Tabuliformis ' (P. abies Tabuliformis' ) and other (Figure 3).
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'
Figure 3. From left to right: Norway spruce 'Barryi', Norway spruce 'Tompa',

Norway spruce 'Will's Zwerg'

Of particular note is a dwarf form, which is well established in the Urals - the spruce 'Nidiformis' (nestlike)
(Picea abies 'Nidiformis'), with a cushion-shape crown and centre (Figure 4).

Figure 4. Norway spruce 'Nidiformis' (nestlike) (Picea abies 'Nidiformis')

Siberian spruce has only two described forms - blue Siberian spruce (P. obovata var. Coerulea Malyshev)
and Pechorian spruce (P. obovata ssp. petchorica Govor), neither of which are of interest for gardening.

4. THE SUBJECT OF RESEARCH – A NEW FORM OF SIBERIAN SPRUCE

In the Sverdlovsk region a single example has been found of a new form of Siberian spruce. Its
appearance very different from that of the typical spruce.  Views of the crown and branches are shown in Figure 5.

Figure 5. On the left - a general view of the new decorative form of Siberian spruce;
right, its drooping, spiralling branches
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The uniqueness of this spruce lies in the simultaneous combination a narrow columnar crown with
drooping spiral branching, and suggests the high value of this form of Siberian spruce in landscape architecture.

5. A NEW BRAND ON THE MARKET FOR LANDSCAPE DESIGN

The preliminary title of this new form of Siberian spruce is P. obovata 'Fastigiata Uralica' Opletaev.
“Fastigiata” describes a tree with a columnar shape, numerous branches, with shoots firmly pressed against the
trunk and facing down. Since this taxon has a different set of characteristics – a pronounced narrow columnar crown
shape and drooping branches of the spiral form, to give it the name reflecting only one morphological feature is not
quite enough. It is therefore proposed to call the new form to reflect the crown shape, the place of its discovery and
the discoverer. This leads to Siberian spruce 'Fastigiata Uralic' (P. obovata 'Fastigiata Uralica' Opletaev).

As the new form of Siberian spruce has great decorative potential, the authors propose starting the
process of branding, industrial propagation, cultivation and promotion of 'Fastigiata Uralica' in the market for
landscape design and urban greening.

6. OUTLOOK

The authors have assessed the outlook of the genus Picea using a combination of factors, in accordance
with the guidelines of the Central Botanical Garden and a number of other works [Bolotov, 1992; Gusev 2011;
Zalesov et al., 2014].

Table 1. Suitability of the genus Picea for Cultivation of Picea
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Most promising
1. Siberian spruce
'Fastigiata Uralica' (Picea
obovata var. ′Fastigiata
Uralica′ Opletaev)

20 25 10 5 5 25 5 95

Promising Prickly spruce (Picea
pungens Engelm.)

15 15 10 3 5 25 5 78

Unpromising Norway spruce (European)
(Picea abies (L.) Karst.)

15 10 5 1 5 1 1 38

Conclusion: the Siberian spruce 'Fastigiata Uralica' belongs to the most promising group of members of the
genus Picea in the Urals and in Russia.
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7. MARKET PROMOTION

In the Russian market there is a lack of diversity of ornamental forms of native plant species. To date,
landscaping in Russia has relied on trees imported from Germany, Poland, Holland and even Italy with its warm
climate. Since these imported spruce are used to a mild climate, they die in the Russian frosts.

The authors suggest bringing Fastigiata Uralica to the market for landscaping and urban greening, as
suggested in Figure 6.

Figure 6. Marketing route for Siberian spruce 'Fastigiata Uralica'

Potential buyers: home chain stores (OBI, Auchan, Leroy Merlin, etc), garden centres, tree nurseries,
vegetation enterprises.

8. THE CULTIVATION PROCESS

For the reproduction of 'Fastigiata Uralica', members of the Ural State Forest Engineering University are
planning to use their own reproductive technologies, including clonal micro-propagation. Main stages are:

1. Propagation by cuttings, which are selected from parent trees of Fastigiata Uralica.
2. Clonal micro-propagation is the use of in-vitro techniques to obtain seedlings quickly and asexually,

completely identical to the parent. Cuttings and cloning in the laboratory allow all seedlings to keep
the form of the parent tree.

3. Growing in a greenhouse with a closed root system over three years up to a height of 15-20 cm.
Further grown up to a height of 1-1.5 m in an open plantation.

4. The young trees are then put into pots to be sold wholesale and retail all year round through retail
chains and garden centres.

The main stages are presented in Figure 7.
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Figure 7. The Cultivation Process for 'Fastigiata Uralica'

The non-recurring costs in the project are estimated at about 14 million roubles:
 reconstruction of the greenhouse area of 750 m2

 utilities
 equipment to transfer large trees
 preparation of the bedding soil
 automatic irrigation in the greenhouse and organization of ventilation
 office building and refurbishment of cloning laboratory.

Annual running costs in the project are estimated 12 million roubles including soil, fertilizers, planting pots and
trays, personnel, and advertising. These costs cover cloning in the laboratory and cultivation of large-sized planting
material on the plantation.

The planned annual production of three-year seedlings of spruce is of 130,000 units and of seven-year
seedlings of 20,000 pieces. The payback period will be four years.

9. CONCLUSIONS

1. The ability to create aesthetically pleasing landscaping trees is expanding due to the high
polymorphism of Norway spruce (Picea abies (L) H. Karst), but is limited by the climatic conditions.

2. The polymorphism of the Siberian spruce (Picea obovata Ledeb.) is significantly lower than that of
the Norway spruce, which makes the discovery of a new decorative shape of the former very
promising.

3. It is proposed to create a new brand for the recently discovered form of Siberian spruce with
pyramidal, narrow columnar and crown shape, and drooping spiral branches.  It is to be called
'Fastigiata Uralic’ (P. obovata 'Fastigiata Uralica' Opletaev).

4. Analogues of this form of Siberian spruce are not to be found in any nursery in the world.
5. In the context of trees for landscaping Siberian spruce 'Fastigiata Uralica' is the most promising

among versions of the genus Picea with these main advantages:
6. the Siberian spruce is hardier than European varieties and is undemanding to with regard to soil

fertility. The compact, narrow-pyramidal crown shape 'Fastigiata Uralica' is ideal for the urban
environment;
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7. This new form of spruce can create the flavour of a Mediterranean landscape in the northern regions
of Russia without using cypress.

8. The authors propose to start the processes for branding, industrial reproduction, cultivation and
promotion of this new form of spruce.

Interest in the acquisition of domestic planting material from almost all consumer groups is increasing every
year. The advantages are clear: hardiness, assurance of quality production, possibility of assortment planning and
price stability (as domestic material does not depend on the exchange rate). We therefore, believe that 'Fastigiata
Uralica’ has high promise compared with other forms of spruce, and is of considerable interest for the market
landscape design in Russia and abroad.
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PRODUCTION MANAGEMENT SYSTEM OF
WOOD PROCESSING SME'S IN CROATIA

Dušak, M.; Jelačić, D.

ABSTRACT

Small and medium enterprises (SME's) make over 99 % of all industrial enterprises in Croatia. Very similar
percentage of SME's can be found within Croatian wood processing and furniture manufacturing companies. The
aim of this research was to establish the actual situation in production management systems of SME's in Croatian
wood processing. Total of 30 small and medium companies from different areas of Croatia were surveyed trying to
establish the advantages and problems in their production management systems, with the goal to propose the
model to create better systems within SME's in Croatian wood processing branch, which could help companies to
achieve better production and business results.
Key words: small and medium enterprises (SME’s), wood processing, production management

1. INTRODUCTION

Small and medium enterprises (SME's) represent the very significant part of economy and industrial
system of every single country. Croatia is no different in that segment. And in recent time numbers for
SME's are increasing year by year. So, in the year 2014 there were over 100.800 small and medium
enterprises, which represent 99,6 % of all industrial subjects in Croatia. In the year 2015 number of SME's
incresed to over 104.100 enterprises (99,7 %). Out of those 99,7 % of all industrial subjects in Croatia,
98,5 % were micro and small enterprises, and 1,2 % were medium enterprises.

According to Croatian and European laws, micro enterprises are those which employ less than 10
employees and which income per year is less than 2 mil. €. Small enterprises are employing less than 50
persons with annual revenue of less than 10 mil. €. Medium enterprises have annual revenue of less than
50 mil. €, and less than 250 employees.

Small and medium entrprises participated in GDP with over 52 % in 2014, and over 53 % in 2015
(35 % was the share of small enterprises, and 18 % the share of medium enterprises). In 2014 some 68
% employees were empoleyed in SME's, and in 2015 SME's employees made 68,4 % of all employees
in Croatia (50,9 % in small enterprises and 17,5% in medium enterprises).

In total Croatian export in year 2014 small and medium enterprises participated with 48 %, and in
year 2015 that share of participation increased to 48,5 %, of which small enterprises participated with 25,2
% and medium enterprises participated with 23,3 %.

The situation and percentages of small and medium enterprises in Croatian wood processing and
furniture manufacturing companies is similar to overall situation in Croatian industry. Since most of the
wood processing and furniture manufacturing companies are situated in rural areas of Croatia, small and
medium enterprises make a large percentage of all wood industry companies. Also, Croatian wood
processing and furniture manufacturing companies are highly export oriented, so percentage of SME's
export exceed the numbers given above presenting total Croatian export.

The aim of this research was to establish the actual situation in production management systems of
SME's in Croatian wood processing and furniture manufacturing. We wanted to establish which
parameters of management owners and managers in small and medium enterprises consider most
important for their business and which of them they consider crucial for improving their business and
production results in the near future. The questionnaire that was made for that purpose was trying to
establish the adventages and problems in SME's production management systems, with the goal to
propose the model to create better production and management systems within SME's in Croatian wood
industry branch, which could help companies to achieve better production and business results.
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2. RESEARCH RESULTS

The research was conducted with the survey in 30 small and medium companies in different regions
of Croatia using questionnaire with 40 different questions with several statements of which manager in
the company had tu choose one. Asked questions were statements about different production
management parameters more or less important for each company production management system,
according to manager's/owner's opinion.

Questionnaire was devided in two major parts. The first part, consisted of 11 questions, was
dedicated to general information about the company, while the second part consisted of 29 questions
directly connected to production management parameters. Those 29 questions gave several statements
for each question with marks 1 to 5 (1 – not important at all, 5 – most important).

Questionnaire was spread among companies in different Croatian regions equaly, so all regions
would participate in the research acordingly to their participation in number of companies all together, so
50 % of surveyed companies are situated in central Croatia, 20 % are situated in eastern Croatia, 20 %
in mountain area of Croatia and 10 % in southern part of Croatia (seaside). Of surveyed companies 27 %
were micro companies, 33 % were small companies and 30 % were medium enterprises. Production
program of surveyed enterprises is shown on figure 1.

Figure 1. Production program in general in SME’s

Two thirds (67 %) of companies manufacture products exclusively by the order of known customer,
while 33 % of companies have their own shop, so they combine production by the order of known
customer and production for the shop, for unknown customer.

Of surveyed enterprises, 26,7 % are small craft companies, usually family business, manufacturing
individual (unique) products orderd by single customer who came to the company to order some furniture
or some joinery by reputation (they gathered the information about the company from a friend or by
chance). Other companies are some kind of legal entity. Most of the small craft companies are situated
in central Croatia, while all surveyed companies in mountain area of Croatia are legal entities.
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Figure 2. Production in SME’s

Figure 3. Equipment and tools in SME’s

The second part of the questionnaire consisted of questions and statements which managers /
owners had to mark according to their opinion of importance of the statement. Mark 1 means that given
parameter is not importnant at all, and mark 5 means that given parameter is the most important one.
Following graphs show what were the opinions of managers / owners to selected particular question.

Figure 4. Importance of particular production input
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Figure 5. Criteria for production level

Figure 6. Importance of quality for SME’s

Figure 7. Importance of particular parameter for production output
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Figure 8. Statements on production management

Figure 9. Importance of particular process for production in SME’s

On figures given above, some of the answers with highest marks are presented. Some other
questions with high marks were those regarding orientation to customers wishes and demands. Marks
between 3.87 and 4.47 were given to answers regarding keeping the customers for future (4.47), matching
customers demands in full (4.40), attracting new customers with production program (4.27), keeping track
on the market with introducing new products (4.00) and new strategies in annual business plans (3.87).

Managers / owners gave high marks to statements on which criteria the think is most important to
customers. So, they think the most important thing is high level of service (4.67), fast delivery of finished
products (4.60), material availability (4.50), price (4.37), payment conditions (4.23), and supplier
reputation (4.07).
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3. CONCLUSION

Owners / managers of small and medium enterprises are aware of the fact that many parameters
and conditions are important in managing the company. Because of the small number of employees
(especially in small and micro companies), they are not able to meet all of those conditions and to
implement all the parameters they would like to. So, they concentrate to those parameters the consider
most important – product price, product quality, customer demands, fast delivery of finished product.
Because of the same reason, lack of personell and doing all by themselves, they rarely have the oportunity
to implement any kind of innovation or to implement some kind of quality assurance system.

This research is the basis for creating the model of supporting SME's with meeting conditions and
parameters important to those companies to improve and develop.
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ELASTICITY MODULUS AS A FUNCTION OF SELECTED FACTORS

Svoboda, T.; Vokatý, V.; Záborský, V.; Gaffová, Z.

ABSTRACT

This paper is aimed to investigate the influence of the used wood species (European beech - Fagus Silvatica,
quaking aspen - Populus Tremula L), used sample thicknesses (4, 6, 10 and 18 mm), wooden mass compaction
degree (10% and 20%) and cyclic loading (0 or 10,000 cycles) on the elasticity modulus E as the feature to be
evaluated. The outcome of the paper makes evident the influence of the following factors on the modulus values:
wood species, compaction degree and lamella thickness. The number of cycles equal to 10,000 has a minimum
influence on the elasticity modulus. The synergic effect of all monitored factors can be considered as an interaction
statistically significant for the elasticity modulus values. From among the interaction of two factors, the following
combinations are statistically significant: wood species*thickness and thickness*number of cycles. Statistically
irrelevant are the following combinations: wood species*compaction, compaction*thickness, wood species*number
of cycles and compaction*number of cycles. Three-factor analysis has shown the statistically significant interaction
of wood species*compaction*thickness. The remaining three-factor interactions are not significant.
Key words: elasticity modulus, compaction, cyclic loading, European beech, quaking aspen

1. INTRODUCTION

The use of wood as a material from renewable sources, with low density and good mechanical
property, has increased recently. The wood is used in furniture industry as well as in structural applications
for both civic and agricultural buildings, mostly in form of bearers, columns, etc. (Christoforo, 2011).
However, the obtaining of sufficient and suitable raw material is becoming more and more frequent issue
for the wood processing industry. Despite the wood prices increase, it is necessary to search for options,
which replace the wood species with high added value by the cheaper ones (Bekhta et al., 2016).

According to Sviták et al. (2014) more and more frequently new methods are tested and new
procedsses applied more in order to increase the rigidity and strength of wood products, which will meet
the demanding requirements for the improvement of structural and use properties. One of the processes
changing wood mechanical properties is, e.g., the wood compaction. The compaction may improve the
hardness and another mechanical properties of the wood (Kolmann & Côte, 1984; Bodig & Jane, 1993;
Blomberg & Persson, 2004; Welzbacher et al., 2008); however, this method of wood processing was not
usual due to its high cost and capacity requirements as well as technical problems with the resulting
products (Blomberg, 2005). The wood compaction procedures were implemented in Germany as early as
from 1930 under the trade name of Lignostone; in England it has been known as Jicwood and Jablo
(Kultikova, 1999). Another two methods known as Compreg and Stayback were developed in the U.S.
(Seborg, 1962). Compreg is compacted wood treated with resin. Unlike Compreg, Stayback is not a resin
impregnated wood. For Stayback, the wood compaction with subsequent heat treatment is a usual
method. In order to eliminate the elasticity, the wood had to be pressed under conditions allowing sufficient
flow of lignine. The previous papers (Kunesh, 1961; Tabarsa & Chui, 1997; Seborg et al., 1962) indicate
an important impact mainly of the force utilized, wood moisture and compression direction (longitudinal or
transversal) on the wood compaction.

The wood is practically always exposed to cyclic loading. In practice, the cyclic loading of wooden
structures is caused mainly by either wind or earthquake effects (Foliente, 2005) while the cyclic loading
of furniture might be caused by the every-day use, etc. The wood resistance against low-frequency loading
depends on both micro- and macroscopic structure of the wood (Boatright, 1983). Such loading can be
simulated by the mean of wooden samples cyclic loading in lab environments. During the research, the
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effect of pulses on wood mechanical properties can be monitored and evaluated (Kärenlampi et al., 2003;
Gong & Smith, 2004; Salmén et al.,1985; Becker etal., 1977; Wright & Leppävuori).

Design of wooden structures as well as that of structures based on any different material, requires
the knowledge of certain variables, including the elasticity modulus.  These variables are obtained by the
mean of either destructive or non-destructive experimental testing. The non-destructive testing is aimed
to determine physical and mechanical properties of the structural element without altering its ability for
the designed use (Ross et al., 1998, Wang et al 2008; Liang & Fu, 2007; Dong a Hai, 2011; Sales et al,
2011).

Quaking aspen wood (Populus Tremula L.) is one of the used in lesser extent. Longer fibers, lower
density and pale, even white color are typical for the aspen. One of the ways of the aspen utilization
increase consists in mechanical properties modification based on the wood density increase. The density
increase might improve the wood resistance parameters, which are substantial for the wood use in
production of bent-wood furniture (Gáborík et. al, 2011). The lab tests outcome for compacted and non-
compacted as well as for cycled and non-cycled aspen wood has been compared with that of European
beech (Fagus Silvatica L.).

The basic monitored factors were wood species, thickness and compaction degree. The monitored
parameter for the evaluation of the lab testing was the elasticity modulus.

2. EXPERIMENTAL

2.1. Materials
The wood of European beech (Fagus Silvatica L.) and quaking aspen (Populus Tremula L.) was

used for the test samples preparation. Lamellae with the following dimensions were made from the
selected wood species: thicknesses of 4, 6, 10 and 18 mm, width of 35 mm and length of 600 mm. The
elasticity moduli (E) before the cyclic loading (0 loading cycles) and after the cyclic loading (10,000 loading
cycles) were found out on the test pieces made as mentioned above. The results obtained on these test
pieces were compared with the test pieces, which underwent 10- and 20-% compaction. 10 test samples
were used within each testing set. The compaction process for the individual testing sets is shown in Fig.
1.

Fig. 1. The compaction process principle for the individual testing sets
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2.2. Determination of Bending Strength and Elasticity Modulus
After the cyclic loading, the support span was adjusted to L1 = 20 x h (support span was changed in

relation to thickness of materials combinations). The samples were bent in middle-length distance using
a universal testing machine FPZ 100 (TIRA, Germany) in accordance with EN 310 (1993). The loading
speed was set to 3 mm/min so that the test duration would not exceed 2 min. Maximum breaking forces
of samples were measured using the datalogger ALMEMO 2690-8 (Ahlborn GmbH, Germany).

2.3. Evaluation and Calculation
To determine the influence of the individual factors on the bending characteristics, analysis of

variance (ANOVA) and the Fischer F-test were performed using Statistica 12 (Statsoft Inc., USA)
software.

The elasticity modulus was calculated in accordance with EN 310 (1993) and Eq. 1,

(1)

where Em is the elasticity modulus perpendicular to fibers in radial direction (MPa), l1  is the supports
distance (mm), b is the sample width (mm), h is the sample thickness (mm), F2 – F1 is the loading
increment in the proportional section of the load vs. deflection diagram, where F1 must represent
approximately 10% and F2 is approximately 40% of the breaking load (N), and a2 – a1 is the deflection
increment in the half of the sample length corresponding to the loading increment (F2 – F1).

The conversion of elasticity modulus to the moisture content of 12% was performed according to
ISO 13061-4 (2014) and Eq. 2,

(2)

where E12 is the elasticity modulus at the moisture content of 12% (MPa), Ew is the elasticity modulus at
the moisture w (MPa), w is the moisture content of sample (%), and α is the moisture correction coefficient
for the elasticity modulus equal to 0.01 for all wood species.

The wood density was determined before and after testing according to ISO 13061-2 (2014) and Eq. 3,

(3)

where ρw is the density of the sample at moisture content w (kg/m3); mw is the mass (weight) of the
sample at moisture content w (kg); aw, bw, and lw are dimensions of the sample at moisture content w
(m); and Vw is the volume of the sample at moisture content w (m3).

The moisture content of samples was determined and verified before and after testing. These
calculations were carried out according to ISO 13061-1 (2014) and Eq. 4,

(4)
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where w is the moisture content of the samples (%), mw is the mass (weight) of the sample at moisture
content w (kg), and m0 is the mass (weight) of the oven-dry sample (kg). Drying to oven-dry state was
also carried out according to ISO 13061-1 (2014).

2.4. Cyclic Bend Loading
The cyclic loading was carried out on a cycler machine with cyclic bending of the test pieces using

single-axis loading. The following numbers of cycles were selected for testing: 0 and 10,000. During the
preliminary experimental testing, the test pieces were loaded with static bending to determine the breaking
strength and proportionality limit because the test pieces had to be loaded up to 90% of the proportionality
limit.
Statistical Analysis

For the evaluation of results, a two-factor variance analysis evaluation of the effect of individual
factors on the modulus of elasticity of solid wood and laminated wood was used. Based on the P-level
value, it was determined whether the monitored factor affected the values of the modulus of elasticity.
The achieved results were processed by the mean of diagrams showing a 95% confidence interval.

3. RESULTS AND DISCUSSION

Elasticity modulus average values and coefficient of variance are shown in Table 1.

Table 1. Average values of bending characteristics, density and coefficient of variance

Wood
species

Material
thickness

(mm)

Degree of
densification

(%)

Number
of cycles

Modulus of
elasticity

(MPa)

Density
(Kg/m3)

Wood
species

Material
thickness

(mm)

Degree of
densification

(%)

Number
of cycles

Modulus of
elasticity

(MPa)

Density
(Kg/m3)

Beech 4 0 0 14199 (14,3) 693 (4,6) Aspen 4 0 0 1352 (14,8) 400 (4,1)
Beech 4 0 10000 13731 (18,4) 680 (9,5) Aspen 4 0 10000 1626 (18,5) 416 (8,4)
Beech 4 10 0 15533 (15.8) 725 (8,6) Aspen 4 10 0 1279 (14,8) 421 (9,3)
Beech 4 10 10000 17130 (3.3) 739 (6,6) Aspen 4 10 10000 978 (12,6) 404 (3,6)
Beech 4 20 0 18105 (15,7) 784 (4,0) Aspen 4 20 0 1445 (14,1) 488 (5,7)
Beech 4 20 10000 14097 (35,4) 766 (4,7) Aspen 4 20 10000 1934 (18,9) 476 (14,1)
Beech 6 0 0 13270 (8,1) 665 (3,4) Aspen 6 0 0 741 (5,9) 533 (8,7)
Beech 6 0 10000 13243 (10,0) 692 (4,4) Aspen 6 0 10000 969 (7,2) 539 (4,4)
Beech 6 10 0 14476 (4,1) 703 (4,8) Aspen 6 10 0 1418 (10,1) 557 (6,6)
Beech 6 10 10000 16082 (11,1) 749 (5,0) Aspen 6 10 10000 1416 (9,6) 584 (7,9)
Beech 6 20 0 15325 (11,9) 751 (5,6) Aspen 6 20 0 1520 (9,6) 620 (9,6)
Beech 6 20 10000 15726 (6,6) 750 (5,3) Aspen 6 20 10000 1535 (10,3) 580 (6,5)
Beech 10 0 0 13820 (10,9) 694 (4,7) Aspen 10 0 0 745 (5,4) 528 (4,2)
Beech 10 0 10000 13829 (11,1) 690 (5,8) Aspen 10 0 10000 2240 (16,8) 536 (8,4)
Beech 10 10 0 15339 (8,0) 733 (3,7) Aspen 10 10 0 857 (5,9) 564 (1,3)
Beech 10 10 10000 16265 (2,7) 719 (5,6) Aspen 10 10 10000 2076 (14,0) 560 (5,8)
Beech 10 20 0 17050 (9,7) 788 (3,5) Aspen 10 20 0 639 (4,4) 604 (1,8)
Beech 10 20 10000 15986 (7,7) 726 (2,5) Aspen 10 20 10000 892 (6,4) 628 (13,9)
Beech 18 0 0 15123 (11,4) 735 (8,1) Aspen 18 0 0 2344 (22) 529 (2,1)
Beech 18 0 10000 14232 (8,5) 698 (8,2) Aspen 18 0 10000 1759 (14,7) 519 (12,7)
Beech 18 10 0 14841 (16,4) 744 (3,9) Aspen 18 10 0 948 (7,3) 568 (4,8)
Beech 18 10 10000 15358 (16,1) 749 (4,6) Aspen 18 10 10000 1293 (9,2) 581 (4,0)
Beech 18 20 0 15753 (11,3) 747 (6,8) Aspen 18 20 0 928 (7,0) 589 (7,0)
Beech 18 20 10000 15834 (9,0) 757 (8,6) Aspen 18 20 10000 870 (6,2) 594 (6,2)

As apparent from the results shown in Table 2, the following factors can be deemed as statistically
significant: wood species, compaction degree and lamella thickness. The number of loading cycles has
proven to be statistically insignificant.
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Based on the significance level P values, the effect of synergic action of all four monitored factors
can be deemed as statistically significant for the elasticity modulus values.

Based on the data shown in Table 2, it is evident that the statistically significant factors acting on the
elasticity modulus are: wood species, compaction and thickness. Number of cycles has proven to be
statistically insignificant.

From among the interaction of two factors, the following combinations are statistically significant:
wood species*thickness and thickness*number of cycles. Statistically irrelevant are the following
combinations: wood species*compaction, compaction*thickness, wood species*number of cycles and
compaction*number of cycles.

Three-factor analysis has shown the statistically significant interaction of the factors wood
species*compaction*thickness. The remaining three-factor interactions are not significant.

The combination of factors wood species*compaction*thickness*number of cycles is statistically
significant. The statistically significant factors affecting the elasticity modulus are analyzed hereunder.

Table 2. Statistical evaluation of factors and their interaction on elasticity modulus

Monitored factor Sum of
squares

Degree of
freedom Variance Fisher's

F – Test
Significance

level P
Intercept 4.631028E+10 1 4.631028E+10 15801.43 0.000001
1) Wood species 3.994980E+08 1 3.994980E+08 136.31 0.000001
2) Compaction degree 2.185998E+08 3 7.286659E+07 24.86 0.000001
3) Material thickness 1.506592E+08 2 7.532962E+07 25.70 0.000001
4) Number of cycles 2.903082E+04 1 2.903082E+04 0.01 0.920824
1*2*3*4 2.281075E+07 6 3.801791E+06 1.30 0.260245
Error 5.627070E+08 192 2.930766E+06

As apparent from the measured values, wood species factor is statistically significant for the elasticity
modulus values (Fig. 2). The average value was greater for beech samples (15,613 MPa) than for aspen
samples (13,232 MPa).

The elasticity modulus value increases with the material compaction degree: for 10-% compaction
by 8.2 % and for 20-% compaction by 14.7 % (Fig. 3).

Fig. 2. The effect of the wood species on the elasticity
modulus

Fig. 3.The effect of the degree of compaction on the
elasticity modulus
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The highest values of the elasticity modulus were achieved with samples 6 mm thick (15,139 MPa).
With increasing thickness the elasticity modulus decreases slightly, being for 10 mm equal to 14,971 MPa
(by 1.1 %) and for 18 mm 14,673 MPa (by 3 %), however, the differences between these test pieces are
not statistically significant (Fig. 4). The samples 4 mm thick with the value equal to 12,905 MPa, which is
lesser by 14.8 % than for the samples 6 mm thick are the exception, and the difference between them
and those 4 mm thick is statistically significant. Possible reason for lower elasticity modulus of 4-mm
samples is that there is no tangential stress action yet at such small thickness and the aspen samples
have significantly lower density. The effect of cyclic loading (Fig. 5) has proven to be statistically
insignificant for the monitored parameter values.

Fig. 4. The effect of the material thickness on the
elasticity modulus

Fig. 5.The effect of the number of cycles on the
elasticity modulus

While investigating the effect of all four monitored factors on the elasticity modulus value, this has
proven to be statistically significant. Figs. 6 and 7 show the four-factor interaction on the elasticity modulus
at 0 and 10,000 cycles.

For 4-mm non-compacted beech samples with 10,000 cycles, the elasticity modulus is higher by 3.3
% than for those with 0 cycles. For those 20-% compacted, the elasticity modulus is higher by 22.8 %
while for those 10-% compacted by 10.3 %. For non-compacted and 10-% compacted aspen samples,
the non-cycled ones achieved higher values.  For those with 20-% compaction, the cycles samples
achieved value higher by 2.3 %.

The 6 mm thick cycled and compacted (both 10- and 20-%) beech samples have higher elasticity
modulus value while for the non-compacted ones there is almost no values difference between the cycled
and non-cycled samples. The aspen samples achieved higher value of elasticity modulus for non-
compacted and 10-% compacted samples exposed to 10,000 cycles while the 20-% compacted samples
achieved higher elasticity modulus values for the non-cycled ones.

All cycled beech samples 10 mm thick (both 10- and 20-% compacted) have lower elasticity modulus
values than the non-cycled ones.  The greatest difference (30.5 %) is observed for the 10-% compacted
samples.  For aspen samples, there is no substantial difference between the cycled and non-cycled ones.

For thickness of 18 mm, it was found that the beech samples, except those non-compacted, have
slightly increased elasticity modulus if cycled.  For aspen samples, an increase in the cycled ones is also
observed, although with degressive tendency.



9th International Scientific Conference WoodEMA 2016
THE PATH FORWARD FOR WOOD PRODUCTS: A GLOBAL PERSPECTIVE

21

De
gr

ee
 o

f d
en

si
fic

at
io

n 
(%

) 0
De

gr
ee

 o
f d

en
si

fic
at

io
n 

(%
) 1

0
De

gr
ee

 o
f d

en
si

fic
at

io
n 

(%
) 2

0

Wood species : Beech

MT (mm)
4

6
10

18
6000
7000
8000
9000

10000
11000
12000
13000
14000
15000
16000
17000
18000
19000
20000
21000
22000

M
od

ul
us

 o
f E

la
st

ic
ity

 (M
Pa

)

W
oo

d 
sp

ec
ie

s

: A
sp

en

MT
 (m

m)

4

6

10

18

Faktory: Úrovně
Počet cyklů: 0

D
eg

re
e 

of
 d

en
si

fic
at

io
n 

(%
) 0

D e g r e e  o f  d e n s i f i c a t i o n

 ( % )  1 0

D e g r e e  o f  d e n s i f i c a t i o n

 ( % )  2 0

W ood species: Beech

MT(mm)
4

6
10

18
6000
7000
8000
9000

10000
11000
12000
13000
14000
15000
16000
17000
18000
19000
20000
21000
22000

M
od

ul
us

 o
f E

la
st

ic
ity

 (M
Pa

)

W
oo

d 
sp

ec
ie

s

: A
sp

en

MT
(m

m)

4

6

10

18

Faktory: Úrovně
Počet cyklů: 10000

Fig. 6. Synergetic effect of all factors on the elasticity
modulus

Fig. 7.Synergetic effect of all factors on the elasticity
modulus

4. CONCLUSIONS

1. The wood elasticity modulus is affected by the wood species and thereby by the wood density.
For beech (density of 723 kg/m3), elasticity modulus values greater by 17.99 % were measured than
for aspen (density of 538 kg/m3).
2. Statistically significant increase of the monitored parameter values due to the wood compaction
effect was found.
3. The elasticity modulus values do not change with the material thickness increase. Lower values
of elasticity modulus were measured at material 4 mm thick; this is caused by tangential stresses with
significantly lower effect at this thickness.
4. The cyclic loading has no statistically significant influence on the monitored parameter values.
5. The obtained results constitute priceless base for future design of layered materials conisting of
both wood and non-wooden components with properties related to the specific use.
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BENDING STRENGTH AND PROPORTIONALITY LIMIT OF CYCLIC LOADING ON
BEECH AND ASPEN SOLID WOOD

Vokatý, V.; Svoboda, T.; Kupčák, V.; Gaffová, Z.; Záborský, V.

ABSTRACT

This paper is aimed to investigate the influence of the used wood species (European beech - Fagus Silvatica,
quaking aspen - Populus Tremula L), used sample thicknesses (4, 6, 10 and 18 mm), wooden mass compaction
degree (10% and 20%) and cyclic loading (0 or 10,000 cycles) on the breaking strength (σp) and proportionality
limit (σu) as the features to be evaluated. For the breaking strength, the statistically significant factors are the
following: wood species, thickness, compaction and the combination wood species*thickness. The remaining
factors and their interactions are not statistically significant. As evident from the measured values, the wood species
factor is influencing the bend breaking strength, with the beech samples having an average bend breaking strength
higher by 31.1% than the aspen samples. The bend breaking strength of the wood is increasing with its compaction
degree. The breaking strength increases with the cyclic loading. Wood species, thickness, compaction and number
of cycles are statistically significant factors influencing the proportionality limit. From among the combination of two
factors, the following combinations are significant: wood species*thickness and wood species*compaction.
Statistically irrelevant are the following combinations: thickness*compaction, wood species*number of cycles,
thickness*number of cycles and compaction*number of cycles. Three-factor analysis has shown the statistically
significant interaction of the factors wood species*thickness*compaction. The remaining three-factor interactions
are not significant. The combination of all four factors is statistically significant.
Key words: breaking strength, proportionality limit, compaction, cyclic loading, European beech, quaking aspen

1.INTRODUCTION

Wood is a renewable material with such advantages as relatively low density, low costs and great
aesthetics. At the same time, wood is environmentally friendly material. Due to all these advantages, wood
is a contestee fully equivalent to another industrial materials such as concrete, glass, ceramics, iron, steel
and another metals.

Wood compaction is one of the mechanical methods of adjustment of the wood basic properties. This
can be made, for example, by the mean of rolling, which results in changes of wood mass volume and
density (Kamke 2006). The compaction is used both in building and furniture industries (Gaff and
Gašparík, 2015; Kurjatko et al. 2010; Blomberg a Persson 2007; Laine et al 2013).

The cyclic loading can be simulated in labs by the mean of cyclic loading of wooden samples. During
the research, the effect of pulses on wood mechanical properties can be monitored and evaluated
(Kärenlampi et al., 2003; Gong & Smith, 2004; Salmén et al.,1985; Becker et al., 1977; Wright &
Leppävuori).

The research was aimed to investigate the influence of the used wood species (European beech -
Fagus Silvatica, quaking aspen - Populus Tremula L), used sample thicknesses (4, 6, 10 and 18 mm),
wooden mass compaction degree (10% and 20%) and cyclic loading (0 or 10,000 cycles) on the breaking
strength (σp) and proportionality limit (σu) as the features to be evaluated. A logical followup to this activity
is the economical evaluation based, e.g., on the production function.  According to Bartuněk (1999), the
production function describes the fabrication process course while differentiating process functions and
economic functions in the production. The process production functions describe the specific production
methods while the economic ones deal with the impacts of these methods on the production economy.
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2.EXPERIMENTAL

2.1 Materials
The wood of European beech (Fagus Silvatica L.) and quaking aspen (Populus Tremula L.) was

used for the test samples preparation. Lamellae with the following dimensions were made from the
selected wood species: thicknesses of 4, 6, 10 and 18 mm, width of 35 mm and length of 600 mm. The
breaking strength (σp) and proportionality limit (σu) before (number of loading cycles equal to 0) and after
the cyclic loading (10,000 loading cycles) were found on the test pieces prepared this way.

The results obtained on these test pieces were compared with those measured on the test pieces
subjected to 10- and 20-% compaction. 10 test samples were used within each testing set. See the
classification of the monitored sets of test pieces in Table 1.

Fig. 1. Categorization of test pieces

2.2 Methods
Test Pieces Compaction

The test pieces to be compacted were pressed in a hydraulic press (RK Prüfsysteme MFL 1000,
Germany). Table 1 shows the pressure used for the compaction of the individual sets of the test pieces.

Table 1. Pressure used for the individual groups of test pieces

Material
thickness

(mm)

Degree of densification 10% Degree of densification 20%

Fagus  (kN) Populus (kN) Fagus  (kN) Populus (kN)

4 3550 1080 3950 1500
6 2100 1850 3900 2100

10 3750 2150 4500 2500
18 3650 1720 3680 1800

Determination of bending strength and modulus of elasticity

After the cyclic loading, the support span was adjusted to L1 = 20 x h (support span was changed in
relation to thickness of materials combinations). The samples were bent in middle-length distance (Fig.
2) using a universal testing machine FPZ 100 (TIRA, Germany) in accordance with EN 310 (1993). The
loading speed was set to 3 mm/min so that the test duration would not exceed 2 min. Maximum breaking
forces of samples were measured using the datalogger ALMEMO 2690-8 (Ahlborn GmbH, Germany).
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Fig. 2. Principle of the three-point bending test (EN 310)

2.3 Evaluation and Calculation
To determine the influence of the individual factors on the bending characteristics, analysis of

variance (ANOVA) and the Fischer F-test were performed using Statistica 12 (Statsoft Inc., USA)
software.The bending strength was calculated in accordance with EN 310 (1993) and Eq. 1,

(1)

where σb is the (ultimate) bending strength of wood (MPa), Fmax is the maximum (breaking)
force (N), l1 is the distance between supporting pins (mm), b is the width of the sample (mm), and h is
the height (thickness) of the sample (mm). The bending strength values were converted to the moisture
content of 12% in accordance with ISO 13061-3 (2014) and Eq. 2,

(2)

where σw is the wood bending strength at the moisture during the testing (MPa), σ12 is the wood
bending strength at the moisture of 12% (MPa), w is the sample moisture during the testing (%), and α is
the moisture correction coefficient, which was taken to be equal to 0.04 for all wood species.
The wood density was determined before and after testing according to ISO 13061-2 (2014) and Eq. 3,

(3)

where ρw is the density of the sample at moisture content w (kg/m3); mw is the mass (weight) of
the sample at moisture content w (kg); aw, bw, and lw are dimensions of the sample at moisture content
w (m); and Vw is the volume of the sample at moisture content w (m3).

The moisture content of samples was determined and verified before and after testing. These
calculations were carried out according to ISO 13061-1 (2014) and Eq. 4,

(4)
where w is the moisture content of the samples (%), mw is the mass (weight) of the  sample at

moisture content w (kg), and m0 is the mass (weight) of the oven-dry sample (kg). Drying to oven-dry
state was also carried out according to ISO 13061-1 (2014).
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2.3.1. Cyclic bend loading
The cyclic loading was carried out on a cycler machine with cyclic bending of the test pieces using

single-axis loading. The following numbers of cycles were selected for testing: 0 and 10,000. During the
preliminary experimental testing, the test pieces were loaded with static bending to determine the breaking
strength and proportionality limit because the test pieces had to be loaded up to 90% of the proportionality
limit.

2.3.2. Statistical analysis
For the evaluation of results, a two-factor variance analysis evaluation of the effect of individual

factors on the modulus of elasticity of solid wood and laminated wood was used. Based on the P-level
value, it was determined whether the monitored factor affected the values of the modulus of elasticity.
The achieved results were processed by the mean of diagrams showing a 95% confidence interval.

3 ENVIRONMENTAL AND ECONOMY-BASED APPROACH

As it results from the above mentioned, this research involves both environmental (renewable,
environment-friendly raw material) and economic dimensions. The combination thereof can be evaluated
on the base of (raw) material substitution, and, from the economy point of view, aside of the production
function, also on the base of the scarcity. For example, according to Pearce (1990), the growing costs of
the raw material logging are subsequently included in the market price; this results in the substitution of
the primary raw materials by cheaper ones in the market as well as in more efficient utilization of the
sources and in an increased demand for recycling. The basic production function expressing the relation
among the production factors, is the following:

(5)

where f is the production function, which is expressing the relation between the factors x1, x2, … xn
and the final product y value. In order to define this function, the determination of the production factors
based on both their statistical significance and the action quantification on the production volume is
crucial. Within the production function, there is a substitution among the production factors: a quantity of
factor xi can be substituted by a quantity of another factor xj without changing the quantity of the final
product Q.  Then the function is the production volume in the production function; usually expressed in
value terms; and, e.g., the total sales (T) for certain period are calculated as the multiplication product
of the products quantity and their unit prices according to the following formula:

(6)

where:
Pit = price of ith product at time t,
i    = 1, 2, 3, …, n,
t    =  1, 2, 3, …, s,
Qit = quantity of ith product sold in time t according to Kupčák (2006)
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4 RESULTS AND DISCUSSION

The average values of the breaking strength and proportionality limit as well as the corresponding
variance coefficients are shown in Table 2.

4.1Breaking Strength
As shown in Table 3, the statistically significant factors affecting the breaking strength are the wood

species, thickness, compaction and wood species*thickness combination. This chapter deals with their
more detailed evaluation. The remaining factors and their interactions are not statistically significant.

Table 3. Stacistical evaluation of Factors and their interaction on bending strength

Monitored factor Sum of
squares

Degree of
freedom

Variance Fisher's
F - Test

Significance
level P

Intercept 3621319 1 3621319 11663.57 0.000001
1) Wood species 126658 1 126658 407.94 0.000001
2) Degree of densification 10576 3 3525 11.35 0.000001
3) Material thickness 8831 2 4416 14.22 0.000002
4) Number of cycles 628 1 628 2.02 0.156650
1*2*3*4 2980 6 497 1.60 0.149220
Error 59612 192 310

As evident from the measured values, the wood species factor affects the bending strength (Fig. 3).
Bending strength average for the beech samples is 153 MPa, and for aspen samples 105 MPa, which
gives the difference of 31.1 %.

The highest bending strength was found on the samples 6 mm thick (139 MPa); the bending strength
decreases with increasing thickness, being 129 MPa (by 7 %) for 10 mm and 119 MPa (by 14 %) for 18
mm (Fig. 4). The saples 4 mm thick have their bending strength equal to 127 MPa, which is lesser by 8.5
% than for the samples 6 mm thick, however, their breaking stregth value is comparable with the samples
10 mm thick. Pssible reason for lower breaking strength of 4-mm samples is that there is no tangential
stress action at such small thickness and the aspen samples have significantly lower density.

Fig. 3. The effect of the wood species on the bending
strength

Fig. 4. The effect of material thickness on the bending
strength
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Table 2. Average values of bending characteristics, density and coefficient oo variance

Wood
species

Material
thickness

(mm)

Degree of
densification

(%)

Number
of cycles

Bending
strength

(MPa)

Proportionality
limit (Mpa)

Density
(Kg/m3)

Wood
Species

Material
thickness

(mm)

Degree of
densification

(%)

Number
of cycles

Bending
strength

(MPa)

Proportionality
limit (Mpa)

Density
(Kg/m3)

Beech 4 0 0 129(13,3) 80 (16,6) 693 (4,6) Aspen 4 0 0 75 (7,7) 42 (20,4) 400 (4,1)
Beech 4 0 10000 132(16,4) 90 (26,0) 680 (9,5) Aspen 4 0 10000 70 (12,6) 35 (11,4) 416 (8,4)
Beech 4 10 0 129(17,6) 76 (18,9) 725 (8,6) Aspen 4 10 0 63 (13,0) 33 (16,8) 421 (9,3)
Beech 4 10 10000 143 (3,2) 102 (5,6) 739 (6,6) Aspen 4 10 10000 58 (13,7) 33 (40,1) 404 (3,6)
Beech 4 20 0 145 (15,9) 83 (18,6) 784 (4,0) Aspen 4 20 0 78 (12,6) 46 (22,7) 488 (5,7)
Beech 4 20 10000 130 (35,0) 82 (42,3) 766 (4,7) Aspen 4 20 10000 76 (9,8) 67 (16,3) 476 (14,1)
Beech 6 0 0 116 (5,7) 66 (10,7) 665 (3,4) Aspen 6 0 0 82 (14,1) 49 (14,0) 533 (8,7)
Beech 6 0 10000 114 (8,2) 55 (19,9) 692 (4,4) Aspen 6 0 10000 98 (7,1) 60 (23,4) 539 (4,4)
Beech 6 10 0 128 (3,1) 70 (10,1) 703 (4,8) Aspen 6 10 0 94 (10,2) 57 (19,8) 557 (6,6)
Beech 6 10 10000 141 (9,3) 80 (10,9) 749 (5,0) Aspen 6 10 10000 109 (13,3) 70 (16,2) 584 (7,9)
Beech 6 20 0 129 (15,7) 65 (17,9) 751 (5,6) Aspen 6 20 0 108 (17,8) 64 (14,1) 620 (9,6)
Beech 6 20 10000 139 (5,2) 74 (7,3) 750 (5,3) Aspen 6 20 10000 103 (15,4) 67 (12,0) 580 (6,5)
Beech 10 0 0 115 (8,4) 58 (9,7) 694 (4,7) Aspen 10 0 0 80 (11,5) 45 (7,5) 528 (4,2)
Beech 10 0 10000 119 (12,9) 73 (10,6) 690 (5,8) Aspen 10 0 10000 80 (22,5) 47 (25,3) 536 (8,4)
Beech 10 10 0 126 (6,3) 66 (10,0) 733 (3,7) Aspen 10 10 0 85 (3,9) 42 (8,4) 564 (1,3)
Beech 10 10 10000 113 (13,8) 63 (13,7) 719 (5,6) Aspen 10 10 10000 88 (12,0) 52 (18,8) 560 (5,8)
Beech 10 20 0 134 (7,2) 64 (6,6) 788 (3,5) Aspen 10 20 0 95 (8,6) 49 (13,3) 604 (1,8)
Beech 10 20 10000 131 (5,6) 74 (10,7) 726 (2,5) Aspen 10 20 10000 99 (18,1) 58 (17,5) 628 (13,9)
Beech 18 0 0 114 (12,1) 53 (12,8) 735 (8,1) Aspen 18 0 0 65 (25,5) 33 (23,4) 529 (2,1)
Beech 18 0 10000 111 (7,6) 55 (13,4) 698 (8,2) Aspen 18 0 10000 76 (17,3) 39 (18,1) 519 (12,7)
Beech 18 10 0 113 (21,4) 54 (19,4) 744 (3,9) Aspen 18 10 0 80 (17,0) 40 (13,1) 568 (4,8)
Beech 18 10 10000 118 (22,6) 56 (16,1) 749 (4,6) Aspen 18 10 10000 90 (13,0) 43 (11,4) 581 (4,0)
Beech 18 20 0 117 (13,2) 53 (8,6) 747 (6,8) Aspen 18 20 0 82 (10,9) 39 (14,1) 589 (7,0)
Beech 18 20 10000 123 (12,1) 59 (8,6) 757 (8,6) Aspen 18 20 10000 84 (14,7) 44 (8,6) 594 (6,2)
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As shown in Fig. 5, the wood bending strength increases with its compaction increase. Breaking
strength of 120 MPa was measured for the non-compacted wood, 130 MPa for that one compacted to
10% and 135 MPa for that one compacted to 20%. Expressed in percentage, the breaking strength
increased by 8.4% and 12.9% in comparison to non-compacted wood. If cycled, the breaking strength
increases in statistically insignificant manner (Fig. 6).

Fig. 5. The effect of degree of densify on the bending strength Fig. 6. The effect of number of cycles on the bending strength

Synergic effect of all monitored factors is shown in Fig. 7 and Fig. 8. The results proved that the
most significant effect on the monitored parameter values is that of the wood species. Therefore,
significant decrease of the values can be observed for aspen in all sets.

Fig. 7. Synergetic effect of all factors on the bending strength Fig. 8. Synergetic effect of all factors on the bending strength

4.2 Proportionality Limit
As shown in the results contained in Table 4, the statistically significant factors affecting the

proportionality limit are: wood species, thickness, compaction and number of cycles. From among the
combination of two factors, the following combinations are significant: wood species*thickness and wood
species*compaction. Statistically irrelevant are the following combinations: thickness*compaction, wood
species*number of cycles, thickness*number of cycles and compaction*number of cycles. Three-factor
analysis has shown the statistically significant interaction of the factors wood
species*thickness*compaction. The remaining three-factor interactions are not significant. The
combination of all four factors is statistically significant. The text hereunder deals with the statistically
significant factors and their interactions.
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Table 4. Statistical evaluation of Factors and their interaction on proportionality limit

Monitored factor Sum of
squares

Degree of
freedom

Variance Fisher's
F - Test

Significance
level P

Intercept 1131205 1 1131205 7462.590 0.000001
1) Wood species 31434 1 31434 207.368 0.000001
2) Degree of densification 17211 3 5737 37.847 0.000001
3) Material thickness 2715 2 1357 8.954 0.000191
4) Number of cycles 3520 1 3520 23.219 0.000003
1*2*3*4 3940 6 657 4.332 0.000400
Error 29104 192 152

As apparent from Fig. 9, the wood species factor is significant for the wood proportionality limit. An
average proportionality limit of the wood is 84 MPa for beech samples and 60 MPa for aspen samples,
i.e., lesser by 28.1 %.

The highest proportionality limit was found in samples 4 mm thick (79.9 MPa). Comparable values
were found for samples 6 mm thick (79.7 MPa), where the difference is 0.3 %; however, there is smaller
variance for the samples 6 mm thick. The decrease is more substantial for the remaining thicknesses:
for samples 10 mm thick, 71 MPa (by 11.5 %) and those 18 mm thick, 58 MPa (by 27.5 %) (Fig. 10).

Fig. 9. The effect of wood species on the elastic
proportionality limit

Fig. 10. The effect of material thickness on the
proportionality limit

The compaction factor affects directly the proportionality limit, i.e., the latter increases with the
compaction increase. The proportionality limit of the non-compacted samples is 67 MPa; for those with
10-% compaction, it is 73 MPa; and for those with 20-% compaction, it is 76 MPa, thus increasing the
proportionality limit by 8.4 % and 12.8 % (Fig. 11).

The number of cycles has positive impact on the proportionality limit value of the researched
samples (Fig. 12). An average value for the proportionality limit of non-cycled samples is 68 MPa while
that of the samples undergoing cyclic loading is 76 MPa, which means a proportionality limit value
increase by 11.9 %.



9th International Scientific Conference WoodEMA 2016
THE PATH FORWARD FOR WOOD PRODUCTS: A GLOBAL PERSPECTIVE

31

0 10 20
Zhuštění (%)

20

40

60

80

100

120

140

160
M

ez
 ú

m
ěr

no
sti

 1
2%

0 10000
Počet cyklů

20

40

60

80

100

120

140

160

M
ez

 ú
m

ěr
no

sti
 1

2%

Fig. 11. The effect of compaction degree on the
proportionality limit

Fig. 12. The effect of number of cycles on the
proportionality limit

While investigating the effect of all four monitored factors, their interaction was proven to be
statistically significant for the proportionality limit value. Figs. 13 and 14 show the four-factor analysis of
the proportionality limit at 0 and 10,000 cycles.

The difference between the proportionality limit of cycled and non-cycled samples of non-
compacted wood is varying. The proportionality limit of cycled beech samples 4 mm thick is greater by
13.5 % than that one for non-cycled beech samples. On the other hand, the cycled aspen samples have
the proportionality limit lower by 13.4 %. For beech samples 6 mm thick, the proportionality limit of the
cycled ones is lower by 16.4 % whereas for the cycled aspen samples, the proportionality limit is greater
by 15.5 %. For 10 mm thick samples, both beech and aspen cycled ones have higher proportionality
limits (beech by 22.9 % and aspen by 4.1 %). Higher proportionality limit for cycled samples were
measured at samples 18 mm thick for both beech (by 3.5 %) and aspen (by 19.2 %).

For samples with compaction degree of 10%, the values of the cycled ones were higher than of the
non-cycled ones, except the beech samples 10 mm thick, whose proportionality limit value was lower by
4.2 %. The greatest difference can be noted at beech samples 4 mm thick, where the cycled samples
have a proportionality limit greater by 35 %.

For the compaction degree of 20%, the proportionality limit value is increasing with the number of
cycles, with the exception of beech samples 4 mm thick. The greatest increase is in aspen sample 4 mm
thick, equal to 66.3 %. In the samples 18 mm thick, similar increases of the proportionality limit value
was reported for both wood species.

With reference to the results of the factors significance (see Table 4), the comparison of the raw
material substitution (beech and aspen) can be evaluated using the standard formula for calculation of
the product manufacturing costs. Based on the currently valid price relations, it is possible to conclude
within the category of direct material costs, that for the raw material (quality class III. A/B), the aspen
wood oscillates around 30 – 40 % in comparison with the beech; for the lumber (joinery timber) while
including the cutting and taking into account the yield rate, these relations increase to 40 – 50 %. The
setup of this relation between the wood species remains unchanged for the last 5 years. Obviously, for
exact comparison, the compaction process phase shall be taken into account; another factor could be
the variable availability of the wood species within the logistic and distribution systems and conditions.
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Fig. 13. Synergetic effect of all factors on the
proportionality limit

Fig. 14. Synergetic effect of all factors on the
proportionality limit

5 CONCLUSIONS

The outcome hereof show the influence of selected factors (wood species, number of load cycles,
material thickness and compaction degree) on the values of breaking strength and proportionality limit.
Vysledky tvoria neodcenitelny zaklad poznatkov nevyhnutne potrebnych pri dalsom vyvoji vrstvovitych
materialov na baze dreva a nedrevnych komponentov. The related research is laying in systematic
manner the possibilities of the wood mass compaction process as well as the comparison of the wood
species also in another relations, thus being in accordance with current strategic goals, such as, e.g.,
Plan of Action for Support of Self-Reliance of the Czech Republic in Raw Material Primary Sources by
Secondary Raw Materials developed in 2015 by the Ministry of Industry and Trade. The research
activities are beneficial also for the Forestry since the processing and utilization of aspen wood is very
limited (except the pallet and packaging boards), and, first of all, with regard to the production times
(aspen from 40 to 60 years, beech from 100 to 140 years). At last, but not at least, the benefit is coming
also due to the possibilities (and the current trends) of cultivation of fast growing wood species within
the industrial forestry plantations.
Acknowledgements: The authors are grateful for the support of the Internal Grant Agency (IGA) of the
Faculty of Forestry and Wood Sciences, project No. B04/16 Principy tvorby lamelových materiálů.
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NEW TRENDS IN UPHOLSTERED FURNITURE

Tauber, J; Simek, M; Holus, Z; Svoboda, J

ABSTRACT

The objective of the paper is to demonstrate new trends in living room furniture, together with a design of an
experimental construction of a lounge suite manufactured with current technology, using solid wood, composites
and upholstery. The design of the construction refers to a current material possibilies, style and EU testing
standards. The lounge suite presented in this paper resulted from a long shape, required properties of the furniture
(safety, strength, durability and stability) and assembly that allowes safe transport. The aim was to produce a
simple and functional product of an interesting shape which meets ergonomic and safety EU standard
requirements for upholstered furniture.
Key words: upholstered furniture, design construction, strength, safety

1. CURRENT STATE

There are many homes that still use large wall units and heavy large lounge suites and armchairs,
but this type of furnishing is not so frequent nowadays for most of the homes. People tend to follow
trends of present days more often where there is lounge suite as number one. Lounge suites have many
designs, technical performances, colours and materials and mostly style and shape altogether with
finding a good spot determine how the athosphere of the living room looks. Wrong choice or placing may
disrupt the disposition of the whole room. Such modul systems are being placed in many homes recently
or classic corner sofas in shape of L and U. Classic sofa-beds or 2 smaller subtile sofas that can be
placed in variable ways are being placed into smaller space. Colours are usually neutral such as creamy,
beige and light grey or darker colours.

Putting the sofa into position for lying is a very demanded function nowadays. Sofa-beds are ideal
for small houses and flats where the disposition does not allow creating a special room for guests. It is
not that easy to find a good sofa-bed which is subtile and airy at the same time. The conversion system
needs more complicated and massive construction so this type of seating will always look a bit more
sturdy than other options of classic lounge suites available. So called „intelligent furniture“ is being used
more and more, „inteligent lounge suites“ in our case. It is a type of variable furniture which contains
hidden mechanisms that allows one to set particular parts from „talking“ to „resting“ positions. One can
change depth and inclination of the seat, height of the backrest, height of head or lower back rest, shape
and inclination of armrests and in some cases one can even change toughness of the seating by blowing
more air inside when having this type of lounge suite. These types of lounge suites are more expensive
and may contain also massage systems which are placed in various parts of the lounge and allows
massage of various parts of the body. These hidden mechanisms and conversion mechanisms should
be as simple as possible for manipulation and so there are more and more cases of furniture controlled
by electric engines, with or without remote control. Simple variable lounge suites using new materials
and technologies are being very topical and modern nowadays.

1.1. Examples of variable lounge suites
Living Sculpture lounge suite was made thanks to a project of world known Danish architect and

designer Verner Panton and it is proving that alternative and variable seating is not only for nowadays
but this type of unconventional furniture turned up even in the past. This lounge suite originated in 1970s
reminds of a sculpture rather than lounge suite with its height of 3,5 metres. It is remarkable especially
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with its colours and atypical organic shape which is great for various activities, not only sitting or lying. It
may be useful especially for children who can use it as a domestic playground and which is good for
climbing and crawling.

Figure 1. Living Sculpture sofa – Verner Panton

Variable lounge suite celled „Wave“ shows how to connect high functionality of the product with
simple construction and modern design. „Wave“ offers, thanks to its organic curves and free pillows,
several options how to sit or lie in very small space. It looks very ellegant thanks to its simplicity and
curves and fits to almost every interior.

Figure 2. Wave sofa – Jan Armgardt

Another original leather lounge suite called DS 600 was created by a group of designers: Ueli
Berger, Eleonoro Peduzzi Riva, Heinz Ulrich and Klaus Vogt. It is a seating compositional system from
which one can create a lounge suite with variable lenght which can be shaped in various curves.

Figure 3. DS 600 – U. Berger, E. Peduzzi Riva, H. Ulrich a K. Vogt
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Sofa "Yang" designed for Ligne Roset by French designer Francois Bauchet. Settee excels by its
specific and very simple shape.

Figure 4. Yang sofa – Francois Bauchet

2. NEW DESIGN SOFAS

The newly designed sofa is inspired by the history and current status. Lounge suite design stands
out for its particular shape. Its appearance is a combination of matter and at the same time subtility.
Lightness of the object is achieved through a thin wooden legs. This lounge suite has several uses. It
can be used in residential and public interiors. When the proposal was put great emphasis on
ergonomics and comfortable seating. The final look of the new design is shown in the picture 5 and 6.

Figure 5. Designed sofa
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Figure 6. Designed sofa – armrest detail view

3. TECHNICAL DESCRIPTION

Type of supporting frame construction determines its shape and type of covering which is based on
the shape. Supporting frame consists of three assembling units (armrests  [A], backrest  [B], seat [C],
put together  by screws anf T-nuts M8 after furnishing with upholstery.

Figure 7. Assembling units and its shape

3.1. Material of the supporting frame
Rails and support blocks are made of hard solid wood (beech), other rails are made of hard

coniferous wood (spruce). Vertical and shape units which are not suitable for solid wood because of size
are made of 15 mm wide birch plywood , strained parts are doubled and have 30 mm width. Fillings are
made of hard 3mm thick fibreboard and of 2,2 mm thick cardboard.

3.2. Construction of assembling units
3.2.1. Supporting frame of the armrests [A]

Connecting of parts is made by screws ø 4,5 mm or staples and supporting blocks, all connections are glued
by PVAc on the whole surface. The fillings are glued and fastened on the peripheries by staples. Supporting frame
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of the armrests is devided into two parts depending on the shape, front linear and back, which is round and
spreads out behind the seat up to the backrest part. Uphostery is made from foam and fibre wadding.

Figure 8. Sideview cut of the sofa set

3.2.2. Supporting frame of the backrest [B]
Similary to armrests, connecting of components is made by screws  ø 4,5 mm or staples and support blocks,

all connetion parts are glued with PVAc on the whole surface. The middle part is smaller on the front side than
the side parts, to make it softer by inserting foam. Springing of the backrest surface is made by horizontal springing
straps and 2 layers of foam with fibre wadding under covering, the back filling of backrest is firmed after being
firmed to uphostered armrests. Covering is stiched invisibely.

3.2.3. Seat frame [C]
Seat frame is in shape of irregular hexagon, horrizontal rails and support blocks are made of hard wood

(beech), back scew part is made of coniferous wood on the peripheries (spruce), side parts, crossbars and front
seating skew part is made of 15 mm thick birch plywood. Connection of front rails and side parts is made thanks
to wooden dowels ø 10 mm, which go through the whole thickness of the side parts where is screw in between,
other connections are made by screws and support blocks. There are wooden scew legs fastened to lower rails
by allen screws screwed to stop nuts and wooden pegs ø 10 mm glued to the leg.  There are holes ø 12 mm
made on the side and back part for screws, for connection with armrests and backrest. Springing of the seat is
made by zig-zag sprigs, where is sandwich from polyuretan foam and fibre wadding under the covering.
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Figure 9. Ground plan view of the seat frame

4. REQUIREMENTS FOR STRENGHT AND SAFETY

A product should meet requirements stated in european standards EN 16139 Furniture - Strength, durability
and safety - Requirements for non-domestic seating. If the requirements of these standards are met, it is probable
that it will meet also requirements of domestic usage, EN 12520 Furniture -Strength, durability and safety -
Requirements for domestic seating, because the requirements of EN 16139 are generally higher than EN 12520.

4.1. Requirements for safety, strength and durability
The product must be designed in such way that the risk of injuries of the chair user is avoided in these

situations:
- sitting on the seat, in the middle and also out of the middle;
- movements to front, to the back and to the sides while sitting on the chair;
- bending over the armrests;
- pushing the armrests while standing up.

These requirements for safety, strenght and durability are met if during and after tests stated in standards
EN 16139:

- there is no broken element, joint or component;
- there are no loose joints, that are supposed to be firm;
- there is no large deformation of any of the main parts of the construction;
- the chair is functioning after removing testing loading.

4.2. Stability
The stardard above states in general that furniture must not be overturned in these situations:

- while there is loading on the front edge of the seat surface in median plane;
- while loading the seat surface led over the front corner;
- while tilting to the side;
- while leaning on the backrest;
- while sitting on the front side of the seat.
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Requirements for stability are met if the furniture is not overturned during tests demanded by the standards
EN 16139.

The tests are being carried out due to EN 1728  Furniture - Seating - Test methods for the determination of
strength and durability while using loadings stated in EN1613, level of test severity is in relation to applications
and it determines 2 levels of usage:

1 – general usage (short term to several hours usage, light to heavy loadings, e. g. office buildings,
presentation rooms, public buildings, cafés, restaurants, canteens, banks, bars);

2 – extreme usage (in such places where the furniture is occasionaly or repeatedly affected by extreme
loadings because of specific type of usage or unappropriate usage, e.g. night clubs, police stations, traffic
stations, sport changing rooms, prisons, barracks.
The stated product is built in a way to meet the requirements for general usage in public areas.

5. CONCLUSION

During the project, we have managed to create an overview of the most commonly used upholstered sets in
homes, together with trends presentation. Based on the state of the art research the design proposal was
developed for new seating product – lounge suite. The inner construction was made for this seating element. The
construction is described in detail in the Technical Description section. There are also described important
strength and safety requirements that must be fulfilled. The requirements are based on European standards for
this type of furniture.

The presented product is built in a way to meet the requirements for general usage in public areas. Two
experimantal prototypes will be build in order to verify all necessary EU standard reqirements.

Acknowledgements: This article was kindly supported from Internal Grant Agency of the Faculty of
Forestry and Wood Technology, Mendel University in Brno – project ID LDF VT 2016018.
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DEVELOPMENT OF THE WOODWORKING INDUSTRY
PRODUCTION POTENTIAL IN POLAND

– THE ECONOMICAL DIMENSION

Grzegorzewska, E.; Stasiak-Betlejewska R.

ABSTRACT

A wood is an important raw material used for the production of the Polish industry. In particular, it is used by
the three industries that belong to the woodworking sector: the wood, the pulp and paper and the furniture industry.
The production potential analysis of the woodworking market in Poland was presented in the paper. The results
of the study are shown in the background of the manufacturing which is classified as the wood processing. Time
scope of the research analysis concerns years 2005-2014. Primary source of the research material included
reports published by the Central Statistical Office in Poland what is the Statistical Yearbook of Industry and the
Production of major industries. In order to determine the production potential of the woodworking industry some
economic production indicators have been selected such as: the production output, the average level of
employment or the productivity growth measured by the production output per 1 employee. The production
potential of the Polish woodworking industry is determined also by available assets. Therefore trends in gross
value of fixed assets and its growth have been shown in the paper. Moreover, the development of the production
volume of the woodworking industry major products in considered research period was presented by the authors.

Key words: woodworking industry, the production output, economic indicators

1. INTRODUCTION

The woodworking industry is an important part both of the world economy as Polish [Gejdoš and
Potkany 2015, šupine 2014]. The basic raw material used in the manufacturing industry is a wood which
affects its substantial links with the forestry. The woodworking industry with the pulp and paper and the
furniture industry create the woodworking sector, classified according to the Polish Classification of
Activities section C - Manufacturing [Grzegorzewska 2014]. In 2014 there were 69.8 thousand of
enterprises in the woodworking industry whose the half represent the woodworking industry [Structural
changes ... 2015].

Economic analysis of the woodworking industry highlights an exceptional potential of the Polish
furniture industry production and export [Grzegorzewska, Stasiak-Betlejewska 2014 Grzegorzewska
2013]. However, the furniture industry is closely related to the woodworking industry, in particular the
wooden board industry which provides wood-based materials for the furniture production [Ulewicz et all
2016]. Therefore, the development of the productive potential of the woodworking industry has an impact
on the furniture industry which is strategic for the Polish economy.

The development potential of the company depends on the size and structure of resources as well
as possible to attract external resources and the skills to use them [Skalik 2012].

On the other hand, the production capacity is a part of the company's potential production. It
consists of potential material, financial potential and the potential of the work. The material potential is
created by buildings and structures, machinery and equipment, and work items. On the other hand, the
labour potential consists of human potential and working time [Nowosielski 2012]. The financial potential
is associated with the available financial resources.
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2. THE RESEARCH METHODOLOGY

The primary objective of the research was the productive potential development determination of
the woodworking industry. Comparative analysis of the woodworking industry was carried on the
background of the manufacturing industry and total industry. According to the Central Statistical Office
of Poland (Polish name: GUS) methodology as part of PKD 2007 there was distinguished "Total industry"
as an additional grouping which includes the following sections: section B (Mining and extraction -
divisions 05-09), Section C (Manufacturing - divisions 10-33), Section D (Production and Electricity, gas,
steam, hot water and air conditioning supply - Chapter 35), section E (water supply, sewerage, waste
management and remediation activities - divisions 36-39). The study covered the years 2005-2014. In
the research analysis there were applied following indicators: the sold production, the annual average
employment level, the productivity growth as measured by the output per 1 employee. Therefore, the
production capacity of enterprises also results from the available machine park, which is one of the
production process resources, an analysis also included the gross value of fixed assets with dynamic
changes. Moreover, the development of the woodworking industry production was also presented in the
paper.

According to GUS methodology the sold production concerns the total activity of an economic entity,
i.e., both industrial and non-industrial production. The sold production of industry includes [GUS 2015]:

 the value of finished products sold (regardless of whether or not payments due were received
for them), semi-finished products and parts of the own production;

 the value of paid work and services rendered, i.e. both industrial and non-industrial;
 flat agent’s fee in the case of concluding an agreement on commission terms and full agent’s

fee in the case of concluding an agency agreement;
 the value of products in the form of settlements in kind;
 products designated for increasing the value of own fixed assets.
Gross value added accounts for the portion of output manufactured in industry that remains after

deducting the value of intermediate consumption.
Data regarding the average paid employment in industry concern full- and part-time paid employees

in terms of full-time paid employees.
Fixed assets include asset components completed and ready for usage with an expected period of

utility exceeding 1 year.  The gross value of fixed assets is the value equal to the outlays incurred on
purchasing or manufacturing them, without deducting consumption value (depreciation) [GUS 2015].

3. RESEARCH FINDINGS AND DISCUSSION

The research conducted by the Central Statistical Office of Poland show that in 2005 the sold
production of the woodworking industry amounted to 20.1 billion PLN, which means that its share of the
manufacturing sector reached at level 3.5% (Figure 1). In the analyzed period (except 2009) the sold
production of the manufacturing grew annually and in 2014 it amounted to 1,028.4 million PLN and it
was 179.9% higher than in 2004. The highest growth in this area (115.4%) was observed in 2011. On
the other hand, the sold production of the woodworking industry increased considerably by 67.7% and
in 2014 it reached at 33.7 billion PLN. It should be noted that in 2008-2009 there was a decrease of the
sold production value respectively by 0.4% and 7.1%. In contrast, the highest growth rate dynamics in
this area was observed in 2007 and it amounted to 119.1%. In 2014 the sold production of industrial
enterprises increased by 75.9% compared to the base year and it reached 1,210.0 billion PLN. The
above analysis shows that the growth rate of the sold production in the woodworking industry and it was
slightly lower than that recorded in the case of manufacturing and total industry.
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Figure 1. The sold production of the woodworking industry on the background of the manufacturing and total industry
in period 2005-2014 [billion PLN]

Source: own study based on Statistical Yearbook of the Industry for the years 2006-2015,
the Central Statistical Office of Poland.

In addition to the value of the sold production, an important information on the production potential
of the woodworking industry is provided by the average of the employment level. As it results from the
analysis of data presented in Figure 2, in the analyzed period, the average employment level in the
woodworking industry was decreased by 3.5% (from 108.3 thousand to 104.5 thousand).

Figure 2. The average employment in the woodworking industry on the background of the manufacturing and total industry
in the period 2005-2014 [thousand].

Source: own study based on Statistical Yearbook of the Industry for the years 2006-2015,
the Central Statistical Office of Poland.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Total industry 687,8 775,5 873,5 918,3 896,4 985,7 1137,4 1178,3 1183,1 1210,0
Manufacturing 571,6 649,4 739,5 769,7 741,7 815,0 950,4 985,3 993,7 1028,4
Wood industry 20,1 21,5 25,6 25,5 23,7 25,6 28,1 29,6 30,9 33,7
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The largest decrease of the employment level, more than 10%, was observed in 2009, while the
largest increase (7.9%) took place in 2006. In the analysed period different tendencies in this area were
observed in the manufacturing and in total industry. In the manufacturing, the employment level
increased by 4.0% (from 2,162.9 thousand to 2,248.4 thousand). In 2014 in industrial enterprises total
employment reached 2676.5 thousand and it is 2.2% more than in 2004.

Another indicator, which was analyzed in the assessment of the woodworking production potential
development is the labour productivity. In a study conducted by the Central Statistical Office, this
indicator is measured by output per 1 employee. Labour productivity growth in the timber industry was
positive (Figure 3). The exception was the year 2008.

Figure 3. The dynamics of the labour productivity measured by output per 1 employee in the years 2005 to 2014 [%]

Source: own study based on Statistical Yearbook of the Industry for the years 2006-2015,
the Central Statistical Office of Poland.

The largest increase in the labour productivity in the woodworking industry was noted in 2010 and
2012 and it amounted to 107.7% and 108.2%. On the other hand, the manufacturing and total industry
recorded an annual growth of the labour productivity measured by the value of the sold production per
1 employee. In 2006 and 2010 enterprises engaged in the woodworking processing achieved the best
results in the industry. This efficiency indicator amounted to 110.0% and 111.4%. Industrial enterprises
in total noted somewhat lower labour productivity. The highest value of this indicator was achieved again
in these periods. It amounted to, respectively 109.2% and 110.1%.

The production potential of manufacturing enterprises also provides the gross value of fixed assets.
This category belongs to fixed assets which dominate over the current assets in the woodworking
industry enterprises. Fixed assets include buildings and structures, machines, equipment and means of
transport. The higher the value of fixed assets in the company, the greater is usually its production
capacity.

According to GUS research (Figure 4) in 2005 the value of the fixed assets in the industry amounted
to 572.1 billion PLN. At the end of the analysed period, this ratio was 84.4% higher and amounted to
1,055.2 billion PLN. Positive trends in this area were also registered in the manufacturing. The gross
value of fixed assets increased by 84.2% (from 313.7 billion PLN to 577.8 billion PLN). On the other
hand, the timber industry recorded an even greater increase in this category of assets in 2014 and its
value was higher by 96.3% and reached at 21.0 billion PLN.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Total industry 103,6 109,2 106,2 100,3 101,3 110,1 106,9 101,9 103,8 101,9
Manufacturing 103,2 110 106,9 100,5 103,3 111,4 107,8 102,1 103,4 102,6
Wood industry 104,1 102,9 106 99,3 105,5 107,7 106,3 108,2 104,5 105,4
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Figure 4. Gross value of fixed assets in the woodworking industry on the background of the manufacturing and total
industry in the period 2005-2014 [billion PLN]

Source: own study based on Statistical Yearbook of the Industry for the years 2006-2015,
the Central Statistical Office of Poland.

In 2005-2006, the highest growth rate of the gross value of fixed assets was observed in the
manufacturing. It amounted to, respectively 105.4% and 105.1%. On the other hand, in 2007-2009 the
woodworking industry enterprises were characterized by the largest increase in the category of fixed
assets (107.6% and 107.3%). A similar situation was observed in this group in 2012-2013. The dynamics
of the gross value of fixed assets amounted then to 107.7% and 107.2%. As a rule, the gross value of
fixed assets grew at industrial enterprises in total. The exception of the years 2005, 2011 and 2014,
when the woodworking industry took the weakest position in this respect among the analyzed groups.

The development of the production potential is also confirmed by the production scale increase, i.e.
the volume of the produced wooden products in the analysed period. Table 1 shows trends in the
production of major products of the woodworking industry, which are presented in the report of GUS
titled "Production of major industrial products."

In the years 2005-2014 the scale of the sawn timber production increased by 40.4% (from 3360
dam3 to 4719 dam3), whereby it should be noted that the volume of the sawn softwood production
increased by 50.3%. The highest growth rate (22.5%) was observed in 2007. In the analyzed period the
production of plywood consisting of wooden sheets has doubled. There was also noted the chipboard
production increase. This volume increased by 869 dam3. In 2014 there was produced 4809 dam3 of
this product. The largest increase in the volume of this product was recorded in 2006-2007 and it
amounted to 13.9% and 19%. It is worth noting that in the analyzed period a wooden fibreboard and
wood-based materials production was increase by nearly half. The highest growth rate (14.3%) was
recorded in 2013. Negative trends in the woodworking industry manufacturing were recorded only in the
case of veneers. In the years 2005-2014 the veneers production was reduced more than doubled from
54.3 by nearly half to 25.2 km2.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Total industry 572,1 605,0 660,1 727,9 777,6 812,5 878,1 934,3 987,3 1055,2
Manufacturing 313,7 334,8 367,3 391,0 420,2 448,2 485,7 515,4 545,0 577,8
Wood industry 10,7 11,3 13,7 14,7 16,1 17,1 17,7 19,0 20,8 21,0
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Figure 5. The dynamics of the gross value of fixed assets in the woodworking industry on the background
of the manufacturing and total industry in the period 2005-2014 [%]

Source: own study based on Statistical Yearbook of the Industry for the years 2006-2015,
the Central Statistical Office of Poland.

Table 1. Production of the woodworking industry major products in the period 2005-2014

Specification 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Saw timber in dam3 ,
Including:

3360 3607 4417 3786 3850 4220 4422 4249 4321 4719

softwood lumber 2813 3018 3770 3299 3383 3765 3946 3796 3874 4227

hardwood timber 547 589 647 487 468 455 476 453 447 492

Plywood consisting
solely of wooden
sheets in dam3

104 108 122 118 82,4 123 175 174 184 208

Chipboards & similar
boards of wood or
wood-based materials
in dam3

3940 4486 5339 5088 4704 4684 4918 4879 4786 4809

Fibreboard of wood or
wood-based materials
in km2

416 446 481 452 466 501 492 502 574 620

Veneers in km2 54,3 62,8 59,4 55,7 43,7 34,8 26,8 26,8 25,1 25,2

Source: own study based on GUS reports: "Production of major industrial products" for the years 2006-2015

4. CONCLUSION

GUS studies show that in 2014 the sold production of the woodworking industry reached at 33.7
billion PLN and it was higher by 67.7% than 10 years earlier. It is true that the growth rate of the sold

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Total industry 102,5 103,4 103,9 104,8 104 104,2 106,1 104,5 104,9 105,2
Manufacturing 105,4 105,1 107,1 106,9 105,7 104,7 106,7 104,5 105,3 105,2
Wood industry 101,9 104,3 107,6 107,3 106 104,2 104,8 107,7 107,2 104,7
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production was slightly lower than that recorded in the case of the manufacturing and total industry,
however it obtained a satisfactory level. In the analyzed period, the average employment in the
woodworking industry decreased by 3.5% (from 108.3 thousand to 104.5 thousand).

The largest, more than ten percent decrease was observed in 2009 while the largest increase
(7.9%) took place in 2006. Despite the employment level decrease there was observed a positive trend
in the area of the labour productivity. The labour productivity growth in the woodworking industry was
positive. The exception was the year 2008. The largest increase of the labour productivity in the
woodworking industry was noted in 2010 and 2012. It amounted to respectively 107.7% and 108.2%. In
the analyzed period it increased significantly the potential of in-kind corporate of the woodworking
industry enterprises.

In 2014 the gross value of fixed assets was by 84.4% higher than in 2005 and it amounted to
1,055.2 billion PLN. Positive trends in this area were also noted in the manufacturing. The production
potential development is also confirmed by an increase in the production scale i.e. the volume of the
wooden products produced in the analysed period. In the analyzed period the production of the plywood
consisting of wooden sheets has doubled. There was also noted the chipboard production increase (by
869 dam3.). In 2014 the chipboard production reached 4809 dam3. The research results show that in
the analyzed period the production potential of Polish woodworking industry has increase which is
confirmed by presented economic and production data.
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QUALITY MANAGEMENT SYSTEM OPERATION
IN THE WOODWORKING INDUSTRY

Ulewicz, R.

ABSTRACT

Quality management system is aimed at enterprise development by the management system improvement
and product quality increase. The quality improvement is understood as improvement of the final product quality
with all related processes. It is connected with realization of the quality principles implementing based on the good
relations with clients, employees and suppliers towards the standards meeting that included in the quality
management system requirements. Author presents research findings on the quality improvement in the chosen
Polish woodworking industry enterprise.
Key words: quality, wood, improvement, production.

1. INTRODUCTION

Quality management is an essential component of any organization, but it is not a sufficient element
which guarantees the achievement of competitive advantage on the market. An open issue is to ensure
and management of the quality in the ever-changing turbulent business environment. One of the most
important elements of the competitiveness of enterprises is the appropriate level of product quality. In
the the furniture industry we achieve it through: long experience in production, unique design, use of the
latest technologies, use of appropriate materials, work of modern machinery and equipment. Qualitative
product is desired by customer, going further qualitative product tailored to individual customer
preferences in the price of furniture produced systemically is the largest customer expectation and for
managers greatest organizational and logistical challenge. Without the improvement of realized
processes the achievement of such a state is impossible. The basis for improvement of the production
process is optimal connection and utilization of the factors of production resulting from the need to meet
customer demands, cost pressure and increasing the role of internal and external flexibility [1÷4]. The
aim of the undertaken actions by the furniture companies is to achieve measurable economic and
production effects such as: improving the efficiency of the production process, the timeliness of
performed orders, reducing the material in the course of production, stock, shortening of interoperational
time and identification of factors affecting the quality perceived by customer. One of the most popular
solutions due to their effectiveness in terms of improving the organization of production are Lean
solutions known from the automotive industry. The basic philosophy of Lean is to fight waste and
maximizing the use of existing potential of the organization.

The key to success is high level of quality while providing production flexibility at low coefficient of
material during production. Today's cooperation with customers is based on trust, which stands for high
quality achieved through the implementation and execution of the overall system of quality policy [5÷8].

The purpose of this system is:
 implementation of innovative techniques and technologies of production,
 use of expected by the market raw materials supplied by reputable suppliers,
 quick reaction to changing customer needs,
 hiring of qualified and experienced personnel and continuous improvement of their

qualifications,
 ensuring the competitiveness of products by increasing production efficiency.
The above goals are realized through:
 continuous improvement of the organization in technical and organizational dimension,
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 commitment of all available resources in qualitative activities,
 monitoring and meeting the expectations and requirements of customers of the enterprise,
 increasing the awareness of employees on the importance of quality and responsibility of

everyone for the quality of performed work.
The question arises whether the system of ensuring and quality management keep pace with

organizational changes and whether it is flexible enough to provide sufficient qualitative ability.

2. RESEARCH OBJECT

The research was carried out in the company of a group of small and medium-sized enterprises
employing up to 250 employees. In the manufactured product range are furniture from 12 collections as
well as independent types of products e.g.: chests of drawers, glass-case, benches, tables, bookcases,
beds, chairs and others. The organizational structure is hierarchical, based on process management.
The company has an internal quality assurance system in accordance with ISO 9001:2008 standard.
The evaluation of the facts of the company, we can conclude that we are dealing with an excessive
diversity of products. After conducted research consisting in the direct interview with the employees of
the individual departments, it was found that the reasons for such a large diversity of products is:

 Implementation of new products without proper marketing analysis, lack of sales simulation.
 Lack of support of simulation tools and support of optimization of orders.
 There is no concept of modularity and interchangeability of components between different

series of furniture or various types of furniture.
 Constructing new sets and types of furniture from the beginning without the use of standard

elements base.
 Error of concept involving the assumption that the greater assortment the higher sales. The

analysis conducted for the year 2014 and 2015 showed that 25% of assortment realizes 72%
of turnover.

Currently, the database contains 1125 of indexes of offered assortment of solid wood and precious
veneers.

3. METHODOLOGY OF RESEARCH

The aim of carried out research is to determine whether organizational changes have an impact on
the level of quality of manufactured products, the type of occurring incompatibilities and whether
implemented changes affect the level of safety of workers. Based on data from the department of internal
quality control and from complaint department there was established the level of quality and was carried
out quantification of incompatibility before the introduction of changes in the range of improvement and
optimization of material flow during production. After the implementation of changes based on the
concept of Glenday sieve there was carried out re-examination of the level of quality and determined the
structure of defined incompatibilities. There were also used questionnaire surveys of auditorium type,
aimed at obtaining information on the problems in the implementation of new concepts and problems in
adapting to new standards and the impact of changes on the level of quality of realized processes,
products and the level of safety of workers.

Application of the principles of Glenday sieve was aimed at determination of timetable for
implementing production of any product at each cycle of flow, prepared to meet the needs of the market,
even in changing conditions. One of the elements to eliminate waste in furniture factory was the
identification of the competencies and skills of employees in terms of suitability for standard operation
(green line), and for special orders of non-standard work (red line). Improper selection of employees
may contribute to the excessive burden and stress of employees. The productivity of such a worker
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drops significantly therefore many times it is an element determining creation of bottleneck on the line.
Overloaded and stressed employees are more likely to make mistakes which in turn contributes to the
increase of the percentage share of incompatibility. In this case there should be eliminated the possibility
of accumulation of too many types of waste in the systems and manufacture processes. There was
distinguished the group of products called green group. This group includes 68 products of 3 collections
representing 50% of production. Categorization shown in Table 1 demonstrated that the production of
68 types of furniture can be carried out according to a fixed production volume strategy (a group of
"green"). There were also separated two groups of workers, one called the Greens to serial work -
standard and a group of blue to work with single or short serial furniture.

Table 1. The results of grouping products

Cumulative Sale [%] Number of products Codes of
groups

50 % 68 Green
95 % 563 Yellow
99% 787 Blue

1% remaining 338 Red
Sources: [8]

In the next stage of data analysis to determine the products for which the production according to
the strategy of constant production would be the most effective, there was determined the average
monthly volume of production, standard deviation (from the average value of production) for the period
of 12 months and the coefficient of variation. This factor is a result of ratio of standard deviation to the
mean value multiplied by 100%. Such range of assortment of manufactured furniture of green category
according to the coefficient of variation have revealed that better results of application of strategy of
constant volume of production will be achieved for products of two collections. Among this group there
were also product types: coffee tables, chests of drawers and cabinets, available in four colors of veneer.
There was created a separate production line, on which are implemented only products "green" group.
After the implementation of a separate line there was made quantification of incompatibilities.

4. RESEARCH RESULTS

On the way of systematic analysis of furniture production process there were selected the most
recurrent incompabilities in the production of furniture in the examined factory. To the most frequently
repeated incompabilities and their causes we can include:

 Lack of correctness of overall mechanical working. Machines used in the production cycle are
not subject to constant control of precision and accuracy of work. Lack of tools of
comprehensive machine maintenance. Defects of uneven planing and sanding, cutting and
surface burns are extremely difficult to remove in the next stages of production.

 Inadequate quality of materials used in production.
 Inadequate quality of adhesives used in the manufacture. Failure to meet deadlines of

suitability, resistance to aging and storage conditions. Most of the currently used adhesives are
products based on aqueous dispersions and they are not resistant to frost and overheating.

 Inadequate quality of abrasive materials used in production. Constant size of the abrasive
grains is very important, and allows to avoid the formation of so called "wild scraches" typically
noticeable only during the dyeing and surface varnishing.

 Inadequate quality of wood-derivative materials of MDF type, particle board and blockboard,
plywoods and etc..
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 Inadequate quality of paints and varnishes dyes. In particular this concerns stability of colors -
UV resistance and resistance to mechanical factors normally occurring during the use of the
furniture.

 Failure to meet the necessary periods and production cycles. It is extremely important during
the process of surface finishing with painting and varnishing materials. Lack of application of
the recommended periods of storage, the rigors and interoperable regimes might reflect on the
quality of the product.

 Improper selection of the wood drawing and veneers. Improper selection of orientation of
graining of wood - horizontal or vertical. Type of natural grain of wood - Flader or Pasiak. Errors
in the process of connecting adjacent to each other veneer leaves - symmetrical, mixed etc..

 Correctness of dyeing wood in case of furniture made of solid wood. This applies particularly
to reproducibility of color on the individual elements of furniture, masking unwanted
discoloration, transparency of the dye and visibility of natural grain of wood and dyeing of
porosity of type of container and wood pores.

 Correctness of paint and varnish coverage - homogenous amount of varinsh substance, color
and gloss reproducibility on individual elements. Inadequate number of application layers.
Durability and aesthetics of connections between the individual elements of furniture.

 Failure to meet the requirements of air circulation.
From the results of the research was created Pareto-Lorenz diagram, which shows that the greatest

impact on the level quality of manufactured furniture have three reasons, which represent 73% of all the
observed incompatibilities. To these incompatibilities are included: mechanical processing defects,
mechanical damages and so-called wild scratches. Elimination of these three elements should reduce
more than half the number of incompatible products.

Table 2. Quantification of incompatibilities before the organizational changes

No Incompatibilities Share [%] Accumulated share [%]
N1 Disadvantages of mechanical processing 32 32
N2 Mechanical defects 29 61
N3 Wild scratches 12 73
N4 Misplaced circulation holes 6 79
N5 Defects of veneer 5 84
N6 Hyperpigmentation 4 88
N7 Inequalities on the varnish 4 92
N8 Inadequate dyeing of wood 3 95
N9 Bad juxtaposition of the drawing 3 98

N10 Defects of masking connections 2 100

A result of research there also was found that in most cases, after the manufacture of the first batch
of new product quality control reveals a number of incompatibility (elements which do not meet the
requirements). This state was influenced by the fact that the production plan was not sufficiently and in
detail elaborated. A large number of detected incompatibiities was not the result of machine failures, but
in most cases (about 80%) was caused by inexperience or improper preparation of the workers and in
terms of wood processing as well as between operating transport rules (lack of competencies results in
lack of commitment in the field of care for manufactured and machined components). As a result, this
phenomenon has led to occurrence of considerable amount of mechanical damages.

After extracting the red and green production line and two employees teams for standard working
(greens) and nonstandard (blues) there was made analysis of quality for the assumed time iterval. The
results of the quantification of incompatibility for the assumed period under study are shown in Table 3,
and graphical comparison of the results in Figure 1.
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Table 3. Quantification of incompatibilities after the organizational changes

No Incompatibilities Share [%] Accumulated share [%]
N1 Disadvantages of mechanical processing 17 17
N3 Wild scratches 15 32
N6 Hyperpigmentation 14 46
N2 Mechanical defects 11 57
N8 Inadequate dyeing of wood 11 68
N5 Defects of veneer 10 78
N9 Bad juxtaposition of the drawing 7 85
N7 Inequalities on the varnish 6 91
N4 Misplaced circulation holes 5 96

N10 Defects of masking connections 4 100

Figure 1. A comparison of the percentage share of incompatibilities: A) before the adaptations, B) after isolation of green
line

5. DISCUSSION AND CONCLUSIONS

The organization of the production process should be based on regularities, interdependencies that
occur in the actual production processes and experiences, allowing you to specify methods, ways of
efficient and economicaly justifiable course of production processes. In series production this is not so
large problem as in case of high variety of assortment. An important aspect of the selection of
organization process is the decision about the spatial distribution and logical grouping of resources. In
the analized case of the factory producing furniture we deal with production lines on which often comes
to produced assortment change without analyzing the similarities of itinerary of individual products. The
result of this approach is a quality problem associated with the human factor. Frequent changes in the
assortment, insufficient information, problems with the exchange of information and high staff turnover
at different positions have a negative impact on the overall efficiency of the analyzed production system.
After conducting the interview and research of so called day photograph it was found that there is the
possibility to take advantage of technique of line balancing (balancing), which consists in allocation of a
specific set of operations for jobs and it means even distribution of work at various posts. But it is not
possible for the entire product range. In order to isolate a group of products that generate the highest
turnover, and which are characterized by similar technological operations there was used method of
Glenday sieve. This method allowed the identification of so called areas of excessive complexity, which
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do not provide added value. With the help of sieve there were identified the areas in which you must
improve production capacity.

The results of research of quality level indicate the positive effect of the application of Glenday
sieve. In the period of three months after the separation of the green line and the assignment of group
of employees for working specifically on this line (green group) and a group of employees (blue group)
to non-standard work there was achieved reduction in detected incompatibilities by 40%, significantly
changed also the structure of incompatibilities. There was observed a significant reduction in
incompatibilities related to the human factor: mechanical defects, errors during mechanical processing,
damage during transport. Some types of incompatibilities occur only on the products line, conventionally
characterized by high volatility of assortment. For this type of incompatibilities we can include, eg.
misplaced circulation holes. This type of incompatibilities, as well as drawbacks of masking connections
did not occur even once on the green line. On the green line also several advantages was achieved,
firstly lead time was reduced, consequently the amount of material during production. In the opinion of
staff (survey research) this significantly influenced an improvement of the level of safety and comfort of
work. To manufacture of products of high volatility was qualified staff with wide experience and
competence (group of blue), as opposed to the production on the green line here is not rigidly set time
regimes. Special incentive bonus is granted for this group of employees. For a period of four months
from the introduction of organizational changes we observe a reduction in the process share of
incompatibilities associated with the human factor and the growing trend of effectiveness factors of the
production system.

Acknowledgements: Many thanks to Mr Krzysztof Krysiak and Krysiak Furniture company for their
cooperation and the possibility of implementation elements of Glenday’s sieve method in manufacturing
processes.
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THE NEED OF INTRODUCTION OF ECO-INNOVATION ASPECTS IN PACKAGING
FROM THE CUSTOMERS’ PERSPECTIVE

Loučanová, E.; Kalamárová, M.; Olšiaková, M.

ABSTRACT

The paper deals with the need to use eco-innovation aspects in packaging from the customers’ perspective
with a potential of wood based products usage. Its evaluation involves various areas that include eco-innovative
aspects and are focused on all dimensions of sustainable development. The resulted facts show the need for eco-
innovation from the perspective of Slovak customers (48 %) and a material perception that meets the eco-
innovative aspects of packaging material innovation.
Key words: innovation, eco-innovation, packaging, packaging innovation, sustainable development.

1. INTRODUCTION

The economic growth covering the needs of the society in relation to sustainable development is
discussed in the National Strategy for Sustainable Development for the Slovak Republic. Within its
principles it also focuses on ecological principle, which takes into account the criteria of biodiversity
maintaining and supporting, vitality and ecosystems resistance, spatial arrangement optimization and
functional use of the landscape and ensuring its spatial system of ecological stability, ensuring and
support of life supporting systems, maintenance of high quality of environmental components,
minimization of non-renewable resources use and preferential use of renewable resources within their
reproduction capacities (Loučanová a kol., 2015).

Lešková (2009) states that eco-innovations reduce material requirements, use closed material flows
or create, respectively use new materials. They also focus on energy requirement reduction or create or
use alternative energy sources, they reduce overall emissions into the environment or existing
environmental burdens and health risks for the general support for the idea of healthy lifestyles and
sustainable consumption. Eco-innovation support mainly ecological principle of the National Strategy for
Sustainable Development in collaboration with its effective principle, encouraging the eco-innovation
performance of enterprises introducing these innovations as well  as their sustainable development,
which is one of the priorities of the European Union and it is also supported by the UN, OECD and
others.

Eco-innovations are innovative products, processes or organizational innovations that reduce
environmental costs, increase the acceptance by the society and contribute to sustainable development.
Eco-innovations concern the product as well as its all components at its hierarchy levels, where the
packaging is the part of the actual product.

Each company should monitor changes in consumer preferences when choosing the packaging
and its launching on the market. It also must draw its attention to new technologies of packaging
production. Through the packaging, it is also possible to reveal the relationship of the company to the
environment and nature by finding whether the company uses scarce or recycled materials (Pajtinková-
Bartáková, Gubíniová, 2012).

The packaging can be understood as the tool or the set of tools protecting the product from potential
damage. It allows better handling, facilitates the sales and consumption of products (Zeman, 2005).

The packaging has a great potential to contribute to sustainable development through its functions.
It is needful to ensure information how packaging functions and properties influence sustainable
development among consumers, suppliers, authorities, as well as the media. To fulfill the needs of the
society in relation to sustainable development the packaging should meet the environmental, social and
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economic dimensions (Lindh et al, 2016; Dzian, 2014; Paluš et al, 2015; Paluš,Šupín, 2004; Šupín,
2011). Within eco-innovation, the packaging is oriented mainly to the environmental dimension. Its need
from the perspective of customer perception with the potential of wood based materials usage; we will
explore in this paper.

2. METHODOLOGY

The basic approach to the issue of launching the eco-innovation packaging aspects from the
perspective of customers in Slovakia is to analyze the state of the searched phenomenon by questioning.
Then through the descriptive methods, there are analyzed mutual relations of areas and their dimensions
in the context of sustainable development.

The questioning was realized as a random survey via internet. The survey sample size included
100 respondents. The questionnaire consists of two parts, where the first one is focused on demographic
data about customers and the second one was aimed at the core issue of the searched phenomenon –
the need to use eco-innovation aspects in packaging from the perspective of customers. The survey
results were processed into a database, analyzed and then by the synthesis the results evaluated.

The obtained data describe the state in the researched area in Slovakia and detect causalities and
coherences.

3. THE NEED TO USE ECO-INNOVATION ASPECTS IN PACKAGING FROM THE CUSTOMERS’
PERSPECTIVE

The survey focused on the need to use eco-innovation aspects in packaging from the customers’
perspective and a material perception that meets the eco-innovative aspects of packaging material
innovation. The used method of the primary research was a questionnaire, where 100 random
respondents (63 % women and 37 % men) were surveyed.

94 % of respondents said that packaging affects their buying decision, from which we can conclude
a significant impact of packaging on product sale. At the point of sale, the most influential factor as a
part of the package is design (44 %), followed very closely by eco-material - recyclable (19 %), brand
(19 %) and information on the packaging (18 %). Within the innovation of packaging, 66 % of
respondents prefer the innovations focused on the larger packaging of the products and design
innovation.

According to the report of Pro Carton (2010) over 64 % of respondents said that packaging should
consist of environmentally friendly materials and over 55 % felt that packaging should contain as little
plastic as possible. When monitoring environmental friendliness of the packaging material, according to
our survey the eco-material used for packaging affects almost half of respondents (48 %) who prefer a
recyclable material from a non-recyclable material.

Within the perception of materials which meets the eco-innovation aspect, customers for such
materials consider wood (90 %), paper (86 %), materials made of grass and straw (86 %), bamboo
(52 %), wood-based materials (47 %), glass (65 %), see Figure 1 (respondents have the opportunity to
choose more answers and to mention other materials which meet eco-innovative aspect of packaging
innovation, but they did not use this option). For comparison according to Opinion Research (Glass
Packaging Institute, 2010) consumers’ rate paper and glass packaging as the best for the environment.
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Figure 1. Customers ‘perception of materials fulfilling eco-innovation aspect

The results indicate that the packaging innovation by consumer perception should be oriented
mainly towards their design, which, in the context of sustainable development should be focused on the
social dimension. They should be focused on the social perception of customers, such as packaging
with applications and games that encourage connecting people in communities and so on. Similarly,
another dimension – economic perception is supported by customers who would within a packaging
innovation, welcome products in large packages, which tend to be more economically and at the same
time by enlargement the packages are reduced in number, thereby reducing the environmental stress.
In addition, within the environmental dimension, customers are increasingly aware of the need for
packaging recycling. Therefore it is possible to say that the Slovak customer perceives packaging
innovations which influence them during the purchase. Packaging innovations, that support sustainable
development dimension, affect the purchasing behavior significantly. The finding also confirmed other
research, there is a significant relationship between Buying Behavior and Packing Innovation (Ahmed,
Parmar, Amin, 2014) and innovation in the packaging design increase the value of the product (Poturak,
2014).

4. CONCLUSION

Nowadays, innovation is focused on the needs of society in relation to the sustainable development.
As part of its principles, it focuses on ecological, economic and social dimension. Simultaneously it
focuses on reducing energy demand or creating respectively using alternative energy sources, reducing
its overall emissions to the environment or existing environmental burdens and health risks for the
general support of healthy lifestyles and sustainable consumption. Slovak customers recognize the need
for innovation and at the same time these innovations focused on all dimensions of sustainable
development significantly influence buying behavior. Respondents are influenced by eco-innovations in
a lesser rate but are well aware of the need for eco-innovation and significantly recognize materials
complying with eco-innovative aspects of innovation in terms of packaging material.
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INTENSIFYING SMES BUSINESS NETWORKS IN FORESTRY

Chobanova R.

ABSTRACT

The paper attempts to summarize the current common challenges to be jointly addressed by SMEs in forestry.
In this respect it has suggested developping and intensifying SMEs business newtorks applying some standards
for business exellence among which are the Supply Chain Operational Refenece (SCOR), as well as the newly
launched Design-Chain Operational Refenece (DCOR). Incorporating the both – challenges and solutions is in
the core of the new ideas for intensifying SMEs business networks in forestry, named VOFIS (virtual office for
forest industry support (VOSIF) and virtual educational platform (VEP). These innovative ideas are aimed to
contribute to the cross-border cooperation between Bulgaria and FYROM, and are developed in the frame of a
joint project of the Bulgarian academy of sciences (BAS) and Macedonian academy of sciences and atrs (MASA).
Key words: forestry, SMEs, networks, business, EU

1. INTRODUCTION

The grassroots for defining the topic of intensifying SMEs business networks in forestry are in the major
cross-border problems identified by IPA Cross-border cooperation programme 2014 - 2020: loss of
competitiveness, which is a consequence of the ongoing restructuring process, loss of traditional
markets and lack of managerial skills in forestry sector. In this respect developing new ideas for
intensifying SMEs business networks in forestry as VOFIS (virtual office for forest industry support
(VOSIF) and virtual educational platform (VEP) in cross-border cooperation between Bulgaria and
FYROM, developed by the Bulgarian academy of sciences (BAS) and Macedonian academy of sciences
and arts (MASA) are connected with defining common challenges and then conditions and best practice
solutions to be meet.

2. THE CHALLENGES

The forest-based industries are currently facing several challenges. The 2013 Communication “A
New EU Forest Strategy” and the accompanying “Blueprint for the EU Forest-Based Industries” (F-BI)
define following challenges global competition,  the availability of energy and wood supplies, the role of
the sector in limiting climate change.

The both documents confirm the persistence of these challenges and their impact on the overall
competitiveness of EU F-BI in a global context. The provided arguments are that all segments of the
value chain, including the furniture sector are affected by the access to sustainably-sourced raw
materials, the cost and complications of harvesting wood in the EU, price increases driven by competing
demand (e.g., from the bio-energy sector), comparatively higher energy costs in the EU and a more
complex and demanding policy environment. Because of some of these challenges have also an impact
on consumption patterns, the degree of information available to the final customers becomes of
relevance.

The policy problem to be solved is related to a specific type of market failure, i.e. incomplete information,
which triggers a problem of adverse selection due to the following features of the furniture industry: Most of the
quality features of furniture products belong to the categories of experience and credence attributes: this means
that consumers might not always be entirely equipped to fully incorporate quality features in purchasing decisions,
as well as to distinguish between high- and low-quality products. This can generate problems of adverse selection,
in which consumers do not fully adjust their willingness to pay to the difference in quality of products available on
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the market. The adverse selection problem is further exacerbated by the fact that retailers that sell both high- and
low-quality furniture might not have the same incentives as manufacturers in making quality differences crystal
clear for customers. The problem is also aggravated by emerging trends such as increased competition from non-
EU countries, growing price-sensitivity of furniture demand generated by reduced disposable income, and the rise
of online furniture stores, which make the quality features of furniture even more difficult to test in practice before
purchase. It must also be recalled that online interaction between consumers might, in principle, fill some of the
information gaps on experience qualities (e.g. through rating of specific pieces of furniture by other consumers),
but not on credence qualities, and not for all furniture products existing on the market.

Other problems have been highlighted in EU Forest Strategy and to be addressed are as follow: Existing
product guarantees only partially address the issue as, in the case of furniture, quality problems can become
visible after a guarantee has expired and when complaints cannot be enforced. Several factors including the
globalization of value chains, new sourcing strategies, and in particular the growing diffusion of new retail formats
have altered vertical relations between manufacturers and retailers and made competition on “quality signalling”
fiercer. In addition, due to the structure of furniture production in the EU, manufacturers are more likely to be the
side with less bargaining power in the vertical relationship, which also affects the type of product information that
is ultimately communicated at the point of sale. As a result, consumers receive confusing messages, as different
actors at different levels of the value chain may be interested in providing different types of product information to
the consumer.

Another problem is the provision of information on materials used. As regards information on wood and
woodworking products, the EU Timber Regulation1 entered into force in March 2013, represents a momentous
breakthrough because it forbids the placing on the Internal Market of illegally harvested timber or timber
products2 derived from illegal timber and requires operators who place timber and timber products on the
market to exercise due diligence.3 Moreover, to enhance traceability, traders are obliged to keep records of their
suppliers and customers. Although this Regulation does not directly affect the amount of information provided to
consumers, its enforcement has some clear informational effects: i) it ensures that all wooden furniture products
put on the EU market employ wood that was legally logged, thus creating a level playing field in the Internal
Market; ii) it foster the collection and transmissions of information at different levels of the value chain, thus
enhancing B2B information flows; iii) it allows traceability of wood and woodworking products, thus facilitating
the identification of the country of origin of these materials. Conversely, it is worth stressing that the EU Timber
Regulation does not address sustainability unless rules applied in the country of harvest take account of this
specific issue4.

Another challenge is the company size structure impact. Firms designing, manufacturing and shipping
products in large quantities (particularly, but not only, in the low and middle-price ranges) are leading players and
took advantage of their large scale and the availability of huge capital resources to invest in organizing their
production and logistics in order to penetrate foreign markets. On the other hand, larger firms find it convenient
and profitable to outsource and fragment their activities into many functions carried out by different actors in
different locations, and small and medium-sized enterprises are increasingly relying on them for their access to
markets.

1 Regulation (EU) No 995/2010 of the European Parliament and of the Council of 20 October 2010 laying down the
obligations of operators who place timber and timber products on the market.
2 Wooden furniture as well as furniture component materials, with the exception of recycled products, are covered by the
EU Timber Regulation.
3 To exercise due diligence, an operator has to collect information about timber and timber products as well as about his
suppliers and other context details (complexity of the value chain, rules in force in the country of harvest, level of
enforcement in such a country, etc.), thus being able to conduct a full risk assessment and, when needed, to take risk
mitigation measures
4 The definition of legality applied by the EU Timber Regulation strictly depends on the scope of the laws in force in the
country of harvest. Factors that are central in sustainable forest management such as biological diversity or forest
productivity are not always embedded in national laws regulating logging. As a result, timber complying with the EU Timber
Regulation is not necessarily sustainable. Similarly, sustainable timber is not automatically compliant with the Timber
Regulation insofar as the definition of sustainability might not include compliance with laws in force in the country of harvest
(note that products made of FSC or PEFC certified timber do not automatically comply with provisions included in the EU
Timber Regulation).
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The EU furniture sector is predominantly made of SMEs, with around 85% being micro enterprises (fewer
than 10 employees) and another 12% of companies being small (10 to 49). Medium-sized companies account for
2%. The semi-finished wooden products represent the upstream segment of the value chain. In 2010, this forest-
based manufacturing industry in EU included 184,000 enterprises and employed 1.05 million people, i.e. 0.8% of
total non-financial employment. The importance of SMEs is relatively high in niche market segments, primarily for
high- end, custom made and design-led products. Overcoming difficulties related to small company size was one
of the factors underlying the development of cluster experiences in the furniture sector.

3. CONDITIONS TO MEET CHALLENGES

The Report of the World Wildlife Fund (WWF) „Living forests”5 discussing how to meet future demand for
wood products within the finite resources of one planet  has defined he following conditions for transformation
“…the manufacturing sector in the timber sector of the economy, positively affecting the planet health:
- improving forest management (e.g., providing legal and sustainable forest management, forest planning effective
zoning based on a  landscape approach, improving the sustainability of forest plantations, the introduction of
responsible purchasing policies);
- improvement of technologies (e.g., more efficient use of raw materials and recycling efficiency, the development
and introduction of new wood-based materials with a smaller ecological footprint);
- improvement in management (e.g., strengthening social safety nets, more effective implementation of policies
and practices);
- improvement of policies (for example, the creation of incentives for reducing the rate of forest lands in the land

for other purposes, and unsustainable forest management by implementing public policies that support
responsible forest management, which provides a more efficient carbon sequestration, biodiversity and water
resources);
- improvement of scientific information database (for example, the implementation of long-term environmental

impact studies of different approaches forestry in natural forests and creation managed plantations);
- sustainable consumption (e.g., the development of reusable timber, the new psychology and consumption
strategy that would fit the needs of the poor and excluded to irrational and excessive consumption of the rich,
which fully applies to wood products, and to food and energy as well as to all the resources and products where
land and water are needed) ...“.

4. POSSIBLE SOLUTIONS

Developing and managing a supply chain in forestry is a solution recommended by many organizations.
The Supply-Chain Council, a global trade consortium in operation with over 700 member companies,
governmental, academic, and consulting groups participating in the last 10 years, manages the Supply-Chain
Operations Reference (SCOR), the de facto universal reference model for Supply Chain including Planning,
Procurement, Manufacturing, Order Management, Logistics, Returns, and Retail; Product and Service Design
including Design Planning, Research, Prototyping, Integration, Launch and Revision, and Sales including CRM,
Service Support, Sales, and Contract Management which are congruent to the Porter framework.

5 WWF Living Forests Report: Chapter 4. Forests
and Wood Products, 2012. 41 p.
http://d2ouvy59p0dg6k.cloudfront.net/downloads/living_forests_report_ch4_forest_products.pdf



9th International Scientific Conference WoodEMA 2016
THE PATH FORWARD FOR WOOD PRODUCTS: A GLOBAL PERSPECTIVE

64

Source:
https://www.google.bg/search?q=supply+chain+operations+reference+model&biw=1920&bih=1075&tbm=isch&imgil=J-
JJdLZ4oph7dM%253A%253B0uydWWF-rHqDsM%253Bhttp%25253A%25252F%25252Fwww.slideshare.net%25252Fmelodis%25252Fscor100-for-
supply-chain-optimization-8362098&source=iu&pf=m&fir=J-JJdLZ4oph7dM%253A%252C0uydWWF-
rHqDsM%252C_&usg=__qrNtwiPHuxGCZbRuQ0A_gYoUDp0%3D&dpr=1&ved=0ahUKEwjN7KCK5LTOAhWGCpoKHatjD4sQyjcIRg&ei=kgiqV83bCYaV
6ASrx73YCA#imgrc=t37UDvhefOvmxM%3A

The SCOR framework has been adopted by hundreds of companies as well as national entities
as a standard for business excellence, and the U.S. Department of Defense has adopted the newly
launched.

Design-Chain-Operations  Reference (DCOR) framework for product design as a standard to
use for managing their development processes. As the Booz Allen Hamilton special report, “Money Isn’t
Everything”6 on the R&D spend by companies argues, the more R&D spend means better business
results for companies. DCOR is about the innovation processes – ideation, project selection,
development, and commercialization. It is a process reference model that has been developed as the
cross-industry standard diagnostic tool for all stages of research and development. DCOR enables users
to address, improve, and communicate product engineering practices within and between all interested
parties. By describing design-chains using standard process building blocks, the model can be used to

6 Everything Barry Jaruzelski, Kevin Dehoff, and Rakesh Bordia.92005)Money Isn’t Everything Barry Jaruzelski, Kevin
Dehoff, and Rakesh Bordia. strategy+business, Winter 2005. Booz Allen Hamilton, reprint No. 05406
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describe design-chains that are very simple or very complex, using a common set of definitions. As a
result, disparate industries can be linked to describe the depth and breadth of virtually any design-chain.7

Source: https://www.google.bg/search?q=supply+chain+operations+reference+model&biw=1920&bih=1075&tbm=isch&imgil=J-
JJdLZ4oph7dM%253A%253B0uydWWF-rHqDsM%253Bhttp%25253A%25252F%25252Fwww.slideshare.net%25252Fmelodis%25252Fscor100-for-
supply-chain-optimization-8362098&source=iu&pf=m&fir=J-JJdLZ4oph7dM%253A%252C0uydWWF-
rHqDsM%252C_&usg=__qrNtwiPHuxGCZbRuQ0A_gYoUDp0%3D&dpr=1&ved=0ahUKEwjN7KCK5LTOAhWGCpoKHatjD4sQyjcIRg&ei=kgiqV83bCYaV
6ASrx73YCA#imgrc=Pdnj2pJyzfiAiM%3A

3. CONCLUSIONS

The forestry based industry is affected by the access to sustainably-sourced raw materials, the
cost and complications of harvesting wood, price increases driven by competing demand (e.g., from the
bio-energy sector), comparatively higher energy costs and a more complex and demanding policy
environment. Because of some of these challenges have also an impact on consumption patterns, the
degree of information available to the final customers becomes of relevance. The size structure of
enterprises also is a problem to be considered.

The conditions to meet such challenges include improving forest management; improvement of
technologies; improvement in management; improvement of policies; improvement of scientific
information database; sustainable consumption.
On the firm level such conditions concern application of standards for business exellence among which
are the Supply Chain Operational Refenece (SCOR) the newly launched Design-Chain Operational
Refenece (DCOR).

Incorporating the understanding for challenges and solutions for intensifying SMEs business
networks in tools like a virtual office for forest industry support (VOSIF) and a virtual educational platform
(VEP) could contribute to increasing competitiveness of the cross-border cooperation, in our case -
between Bulgaria and FYROM.

7 Caspar Hunsche,2006, Introducing the Design Chain, BPTrends ▪ September 2006
http://www.bptrends.com/publicationfiles/09-06-ART-DoesDesignReallyChain-Hunsche4.pdf
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THE INFLUENCE OF EXPORT ACTIVITY ON INNOVATIVENESS
OF POLISH FURNITURE MARKET

Grzegorzewska E., Więckowska M.

ABSTRACT

Polish furniture industry has special potential in the scope of production and exports. This is confirmed by
the unchanged for years good position of Poland in the world ranking of furniture manufacturers and exporters.
Competition on the international market and current business conditions necessitate the need for constant growth
of innovation activities undertaken by Polish furniture manufacturers. Therefore the purpose of this article is to
determine the effect of export activity of Polish furniture enterprises on the level of their innovativeness. Empirical
research was conducted among 80 medium and large enterprises operating on the Polish furniture market. The
research tool was the interview questionnaire consisting of 31 questions divided into four parts: basic information
about a company (I), the development and innovativeness of the company (II), the processing technology of wood-
based boards (III), information about a person who gave answers (IV). The study was conducted in the period
from September to October 2015. During this period on the furniture market were active 462 companies, where
the employment level exceeded 49 people. This means that the study involved 17% of the population. The study
analyzed various aspects of the conditions of innovative activity of Polish furniture manufacturers, e.g.
determinants of increasing demand for products and services, the objectives of undertaking innovative activity in
the area of processes and products. In addition, the attention was paid to the factors restricting innovativeness in
the surveyed companies. It should be stressed, that the comparative analysis, in which was taken into account
the criterion of conducting or not the export activity, was performed too. For this purpose statistical methods, ie.
cross tables and statistical package SPPS Statistics 17.0 were used. These analyses allowed for a detailed
evaluation of selected aspects of innovative activity of medium and large furniture enterprises in Poland.
Keywords: export activity, foreign trade, innovation, furniture market

1. INTRODUCTION
Polish furniture industry has a unique potential for production and exports. It is confirmed by good

position of Poland (unchanged for years) in the world rankings of the biggest manufacturers and
exporters of furniture [Grzegorzewska, Więckowska 2013]. In recent years Poland moved up from 10th
to 7th place in the world in terms of production volume of furniture. In this category Poland is overtaken
only by China, the United States, Germany, Italy, India and Japan. In the world ranking of the value of
exported furniture Poland occupies the 4th place. China dominates (60.08 billion USD), and then -
Germany (13.62 billion USD) and Italy (11.68 billion USD) [Grzegorzewska, Stasiak-Betlejewska 2014,
Report Polish Furniture Outlook 2015]. That data also confirms the importance of furniture industry for
the domestic economy, all the more that Poland ranks only 27 items in terms of value of all goods sent
abroad, and on the 24th, taking into account the value of imported goods [Grzegorzewska 2013].

In 2014 the value of furniture industry exports exceeded 8.4 billion EUR, that is approx. 35.2 billion
PLN [Statistical Yearbook of Foreign Trade 2015]. Trade exchange of furniture generates the highest
positive balance among all sectors of the economy in Poland, approx. 30 billion PLN in 2014. It means
that it is the most specialized sector of the Polish economy [Report Polish Furniture Outlook 2015].

The great importance of Polish furniture industry on the international arena requires seeking of new
sources of competitive advantage by Polish furniture manufacturers. Undoubtedly growth of the
competitiveness in companies belonging to diverse industry sectors, practically always is associated
with innovation activities. This is confirmed by numerous studies [Cao, Hansen 2006; Pérez-Luño et al.
2007; Ratajczak, Szostak 2009, Smardzewki 2009; Kusumawardhani, McCarthy 2013, Peter et al.
2013]. In furniture industry special roles play process and product innovations. Therefore, it seems



9th International Scientific Conference WoodEMA 2016
THE PATH FORWARD FOR WOOD PRODUCTS: A GLOBAL PERSPECTIVE

68

important to take the issue of the innovative technological solutions implementation, which are
characterized by a high degree of cost-effectiveness.

2. OBJECTIVE AND RESEARCH METHODS
The primary objective of the studies was to assess the impact of undertaken export activity on the

level of the furniture market innovativeness in Poland. In the first stage, the results of Polish furniture
industry were presented in the context of the foreign trade. The primary source of the research material
were reports of CSO (GUS) ‘Statistical Yearbook of Foreign Trade’. The analysis covered the years
2010-2014. In these analyses, the total value of the furniture that was sent abroad, the level of furniture
imports and the trade balance (representing the difference between exports and imports) were taken
into account. In the second stage, empirical studies were conducted to determine the impact of export
activity of furniture enterprises on their innovativeness level. The research tool was the interview
questionnaire consisting of 31 questions, divided into four parts:

- the first part - information about a company,
- the second part - development and innovativeness of the company,
- the third part - technology of finishing wood-based panels,
- the fourth part - information about the person who gave a reply.
The survey was conducting from September to October 2015 in the 80 medium and large furniture

enterprises. It is worth noting, that during this period on the Polish furniture market were 462 companies,
where the employment level exceeded 49 people. It follows that study involved 17% of the population.
Analyzed community was divided into two groups of companies:

- the first group (I) - companies pursuing the export activities (65 companies)
- the second group (II) - companies selling products only on the domestic market (15 companies).

In the study were analyzed various aspects of the conditions of the innovative activity conducted by
Polish furniture manufacturers. Among others, some selected factors like: the determinants of increasing
demand for products and services, the objectives of undertaking innovative activity in the area of
processes and products, the factors limiting innovation implementation in the surveyed companies, were
taken into consideration. It should also be stressed, that comparative analyses taking into account the
criterion of conducting or not the export activity also were executed. For this purpose were used
statistical methods, i.e. cross tables and the statistical package of SPPS Statistics 17.0. The results were
presented in the form of the graphs and the table. These analyses allowed for a detailed evaluation of
selected aspects of the innovative activity realized by Polish medium and large furniture manufacturers
during the last five years.

3. REZULTS OF THE STUDIES
According to CSO (GUS) research, in 2009 furniture industry exports amounted to 22.26 billion PLN

(figure 1). Till 2014, the increase of furniture value sent abroad was noted year in, year out. The biggest
dynamics was observed in 2011 (116%) and in 2014 (113%). Thus, over the six years the value of
furniture industry exports increased by as much as 58.2% and in 2014 exceeded 35 billion PLN.

In the analyzed period, the import dynamics was lower and amounted to 45.5%. In 2009 the value
of furniture, that appeared from abroad on the Polish market, was estimated at 4.08 billion PLN. At the
end of the period the imports value of furniture industry products amounted to 5.94 billion PLN and was
nearly by 1/5 ahead of last year. It should also be stressed, that in case of furniture industry the trade
exchange generates an extremely high positive trade balance. In the analyzed period, its level increased
by 61.0% and in 2014 exceeded 29.2 billion PLN.

Great importance of furniture industry in the trade exchange of Poland is confirmed by the high
share of exported furniture value amounting to 5% of the total exports value. This positive trend was
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maintained in the whole analyzed period. On the other hand, the share of imported furniture in total
imports was much lower and ranged 0.68-0.88%. The large positive trade balance of the furniture market
in the face of a deficit in the area of international exchanges of Polish economy, confirms the exceptional
export potential of companies from this industry.

Figure 1. The value of exports, imports and trade balance of Polish furniture industry [billion PLN].
Source: own studies on the basis of Statistical Yearbooks of Foreign Trade from the period 2010-2015.

At the second stage of the analysis a survey was carried out. The characteristic of the researched
companies indicates that they have experience on the furniture market. In the first group (I) only 3.1%
companies pursued export activities, and 6.7% of companies operate on the domestic market for less
than 5 years. Moreover among the export companies, 43.0% of them have run businesses for 10 to 20
years, and every fifth for more than 20 years. In turn,  the companies from the second group (II) have
operated primarily for 5 to 10 years (40.0%) or for 10 to 20 years (46.7%).

In the first group (I), respondents most frequently pointed to manufacture of case-goods furniture
as the basic activity object (figure 2). Every third company indicated this response. A large share in this
group were also kitchen (32.3%) and office furniture (27.7%). Almost every fifth respondent from this
group pointed to upholstered furniture as a basic activity object, and every tenth - skeletal furniture.

Figure 2. The basic activity object of the surveyed furniture enterprises [%].
Source: own studies.
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In the group of companies, that sell products only to the domestic market (II), the most frequently
mentioned object of basic activity were kitchen (33.3%) and office furniture (33.3%). Every fifth
respondent pointed at case-goods furniture production. On the other hand, 7.1% of respondents
indicated upholstered furniture and 6.7% skeletal furniture (figure 2).

The study also included aspects related to the possibility of increasing interest in products offered
by furniture manufacturers. In that connection, the group of respondents were asked to identify which of
the proposed factors could significantly affect the increase in demand for their products. As a result were
received responses, which as the same as above were divided into two group: I and II (figure 3). Findings
clearly show that irrespective of conducting or not export activity by the furniture enterprises, the greatest
impact to increase the demand for their furniture could be reached owing to reducing the price of the
product. 84.6% of respondents from the first group (I) and 86.7% of the second group (II) had such
opinion. Other factors, as for which the surveyed companies were also unanimous: achievement the
higher quality of products (63.1% answers in the first group (I) and 60% in the second group (II)) and
reduction in weight and/or volume of the product (49.2% answers in the first group (I) and 46.7% in the
second group (II)).

Figure 3. Factors that could significantly affect the increase in demand for the products of the surveyed furniture
enterprises  [%].

Source: own studies.

Achieving higher durability of the product in the opinion 60.0% of the furniture producers with the
first group (I) and 53.3% with the second group (II) would have a positive reflection in increasing interest
in their sale offer. Quite surprisingly, respondents assessed the impact of using natural materials for this
purpose. Only every fifth respondent from the first (I) and every fifth from the second group (II) consider
that usage theirs would have a positive impact on sale. However, as many as 53.8% of the respondents
with the first group (I) and 40% of the second (II) decided that the usage of environmentally friendly
materials (i.e., not necessarily natural, but probably perceived as less expensive than natural materials)
and the usage of environmentally friendly technologies, respectively 52.3% answers in the first group (I)
and 40% in the second group (II), affect positively on the increased demand for products. It should also
be noted that companies which are not engaged in the export business, i.e. entities in the second group
(II), have a much more conservative approach to doing business than companies which sending
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products abroad (in the first group - I). This is evidenced by the following findings. Almost 50% of the
furniture manufactures in the first group (I) indicated, that the increase in demand for products may be
affected by unique product design, which is very strongly associated with the innovativeness. The same
opinion on this issue had just 6.7% of respondents from the second group (II). Similar respondents'
approach was also noticeable in the next case. The usage of unique materials - 18.5% of respondents
in the first group (I) believes that this is the factor that is able to affect growth of products sale.
Nevertheless, not a single person from the second group (II) didn't share this view.

70.8% of furniture manufacturers engaged in export activity (the first group - I)  confirms that in
recent years they have introduced innovative solutions in terms of products or processes. In the group
of companies operating only on Polish market (the second group - II) the level of innovativeness was
lower. The product or process innovation were implemented by 60.0% of them.

Another aspect that was analyzed in the empirical research refers to fundamental purposes of the
implementation of product and process innovations in furniture enterprises (figure 4). In the companies,
that undertook the export activity (I), goals of innovation implementation were more diverse, than in the
second group (II). Nearly one third of the first group respondents (I) indicated an increase in market
share as the primary goal of running innovative activity. Every fifth respondent pointed to the
improvement of production efficiency, and every seventh - business cost reduction. In the following
places among the main reasons for the implementation of innovative solutions appeared: profit growth
and increase in a company value. These answers were indicated respectively by 12.2% and 9.8% of the
first group respondents (I). Moreover also nearly 5% of that group considered that shortening a
technology process and fulfilment new consumer needs is one of the important objectives of innovation
activity. Entry into new markets, compliance with the requirements in terms of technology and increase
of company's competitiveness have not been indicated by respondents, regardless of whether the
company was involved in export activities or not. In turn, companies that sold their products only on the
domestic market (II) pointed at three basic objectives of implementation of product and process
innovations. Every second respondent indicated increase in market share, and every fourth -
improvement of production efficiency and business cost reduction.

Figure 4. The main objectives of product/process innovation implementation in the surveyed furniture enterprises [%].
Source: own studies.
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Conducted research also had in view the recognition of furniture manufacturers' opinion in the range
of the barriers to innovation activity. Respondents could indicate maximum 3 from 12 of proposed
reasons (table 1). Surveyed manufacturers as the first reason pointed to lack of financial resources. This
answer received 46.2% of the furniture exporters' votes and 53.4% of the companies operating only on
the domestic market. Entrepreneurs conducting export business (the first group - I) have also mentioned:
lack of experience in the area of innovation (13.9%), lack of adequate machine park  (12.3%), aversion
to take a risk (7.7%) and the low innovation profitability (7.7%). In turn, the producers operating only on
the domestic market in addition to the lack of financial resources exchanged: no suitable machine park,
lack of experience in the field of innovation and lack of qualified personnel. As the second most frequently
mentioned reason was: lack of qualified personnel (indicated by exporters - the first group - I) and lack
of financial resources (the company from the second group - II).

Table 1. The main reasons, which greatly restrict of product/process innovation implementation at the surveyed furniture
enterprises [%]

Specyfication
The first reason The second reason The third reason

I II I II I II
Aversion to take a risk 7.7 - 9.2 13.3 4.6 13.3
Lack of financial resources 46.2 53.4 16.9 20.0 4.6 -
Lack of adequate machine park 12.3 20.0 3.1 3.1 -
Lack of qualified personnel 9.2 13.3 21.5 13.3 3.1 20.0
Lack of experience in the field of innovation 13.9 13.3 4.6 7.7 6.7
Low innovation profitability 7.7 - 12.3 6.7 4.6
Small market demand for innovation - - - - 7.7 13.3
Limited cooperation between science and
industry - - 6.2 6.7 12.3 6.7

Limited protection of property rights 1.5 - 3.1 6.7 7.7 13.3
Limited knowledge about patents and
international standards - - 1.5 6.7 3.1 -

Low expenditure on R&D activity 1.5 - 6.2 6.7 - -

Lack of answers 15.4 20.0 41.5 26.7
Source: own studies.

4. SUMMARY
Polish furniture industry has a unique potential for production and exports. Over the six years the

value of furniture industry exports increased by as much as 58.2% and in 2014 exceeded 35 billion PLN.
The trade exchange of furniture industry generates an extremely high positive trade balance. In the
analyzed period, its level increased by 61.0% and in 2014 exceeded 29.2 billion PLN. Great importance
of furniture industry in the trade exchange of Poland is confirmed by the high share of exported furniture
value amounting to 5% of the total exports value.

Conducted studies have shown, that companies not engaged in the export business, have a much
more conservative approach to doing business than companies that conduct such activities. In recent
years 70.8% of surveyed furniture manufacturers engaged in export activity (the first group - I)  have
introduced innovative solutions in terms of products or processes. In the group of companies operating
only on Polish market (the second group - II) the level of innovativeness was lower. The product or
process innovation were implemented by 60.0% of them. Almost 50% of the furniture manufactures from
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the first group (I) indicated, that the increase in demand for products may be affected by unique product
design, which is very strongly associated with the innovativeness. The same opinion on this issue had
just 6.7% of respondents from the second group (II). Similar respondents' approach was also noticeable
in the next case – the usage of unique materials. 18.5% of respondents in the first group (I) believes that
this is the factor that is able to affect growth of products sale. Nevertheless, not a single person from the
second group (II) didn't share this view.

However, exporters and non-exporters motivation to innovate is similar. In companies that
undertook export activities (I) almost every third respondent pointed to an increase in market share as
the primary goal of making innovative activity, and among the non-exporters (II) - every second.
Subsequently, every fifth respondent from the first group (I) indicated the improvement of production
efficiency, and every seventh - reduction of the business cost. Among surveyed companies, that sell
their products only on the domestic market (II), in both cases answered in that way every fourth
respondent. Entry into new markets, compliance with the requirements in terms of technology and
increase of company's competitiveness have not been indicated by respondents, regardless of whether
the company was involved in export activities or not.

Findings clearly show that the greatest impact to increase the demand for their furniture could be
reached owing to reducing the price of the product. 84.6% of respondents from the first group (I) and
86.7% of the second group (II) had such opinion. In the next places were mentioned: achievement a
higher quality of products (63.1% of answers in the first group - I and 60% in the second group - II) and
reduction of the weight and/or volume of the product (49.2% of answers in the first group - I and 46.7%
in the second - II ). Quite surprisingly respondents assessed the impact of using natural materials in the
products which is offered to consumer. Only every fifth respondent from the first (I) and every fifth from
the second group (II) consider that usage theirs would have a positive impact on sale. However, as many
as 53.8% of the respondents with the first group (I) and 40% of the second (II) decided that the usage
of environmentally friendly materials (i.e., not necessarily natural, but probably perceived as less
expensive than natural materials) and the usage of environmentally friendly technologies, respectively
52.3% answers in the I group and 40% in the II group, affect positively on the increased demand for
products.

Summing up, these findings suggest that irrespective of conducting export activities or not, Polish
furniture manufacturers perceive the development opportunity of their companies in the effective
implementation of the low - price strategy. The exporters, more than non-exporters, are willing to bear
more risk and are more receptive to benefit from new technology solutions and innovation
implementation. They are also more aware of the opportunities to achieve their measurable benefits in
the future. Therefore, it can be argued that the furniture manufacturers, who export their products, will
develop faster than those companies that operate only on the domestic market.
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EUROPEAN ECO LABELS FOR WOOD FLOORING

Petrović, S.

ABSTRACT

Due to its multiannual use and large surface on which it is placed, wood flooring has an exceptional
impact on the health of people who spend time in the rooms in which it is placed. Because of this,
materials containing cancerous and mutagenic substances or agents which have high emissions of
volatile organic compounds (VOC emissions) during their use must not be used for flooring production.
In order to prove that wood flooring does not have a harmful effect on the environment or human health
during the use, adequate eco certifications have been created in previous decades. In Europe, the
following eco certifications are mostly used for this product type: Nordic Swan, German Blue Angel and
Natureplus, Austrian UZ and EU eco certification.
Keywords: wood flooring, eco certification, coating materials, adhesives, VOC emissions

1. INTRODUCTION

Because of the expressed impact of wood flooring on the health of persons who spend time in the
rooms in which it is placed, environmental features of these products have become an important feature
of their quality in recent years. Regarding this, the requirements for wood flooring are to be made of the
materials which have extremely low VOC emissions later during the use. This primarily refers to the
materials used for wood flooring production such as adhesives, coating materials, putty, as well as the
materials used when laying the flooring. Beside VOC emissions, requirements for obtaining eco
certificates precisely define which types of substances the materials for wood flooring production must
not contain because they have harmful effect on human health.

Wood flooring products are used in closed spaces thus their characteristics have impact on the quality
of atmosphere conditions in the room in which they are used. Very often, VOC emissions which appear
in closed space are characterized by smells of certain intensity. This characteristic of wood flooring is
presently tested only for Natureplus certification, however it is expected to become a mandatory request
for other eco certifications very soon. Regarding this, new European standard titled DIN ISO 16000-28
(2012): Indoor air – Determination of odour emissions from building products using test chambers, will
have an increasing significance in the upcoming period for the obtaining of eco labels.

2. MATERIAL AND METHODS

Documents in which the requirements for Nordic, German, Austrian and EU certification are stated
were used for analysing the most significant eco labels used in Europe. Since certification procedures
are always based on the relevant standards for particular product type which is being certified, certain
European standards were also analysed as well. Also, contents of certain European Union regulations
were used.

Research the results of which are presented in the paper was conducted by using the method of
analysis, namely analysis of content and comparative analysis. Method of content analysis was used for
the purpose of understanding the documents which set the requirements for eco certifications and for
determining the most significant characteristics of the analysed eco labels, while comparative analysis
was used for determining the similarities and differences among them. Adequate conclusions for the
research topic presented in the paper were made by using general scientific methods of induction and
deduction.
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3. RESEARCH RESULTS AND DISCUSION

The most significant eco labels for wood flooring used in Europe are analysed in the paper which
are: Nordic Swan, German Blue Angel and Natureplus, Austrian UZ and EU label EU. All analysed eco
labels represent type I eco labels, which means that they are issued pursuant to the requirements of the
standard ISO EN 14024 (1999): Environmental labels and declarations - Type I environmental labelling
- Principles and procedures. This standard specifies the testing of those product characteristics which
have impact on the environment, such as toxicity, recyclability and determination of percentage of energy
from renewable sources used for their production. Certification body awards type I eco label by issuing
certificate for using this label.

Beside eco labels, certain quality classification systems for construction products used for the
production and laying of wood flooring are also analysed in the paper, which are conducted only based
on the values of VOC emissions.

3.1. The main characteristics of the analysed European eco labels for wood flooring

According to the requirements of the Nordic, German, Austrian and EU certification, the following
types of wood flooring can obtain the eco label: parquet, solid wood flooring (with tongues and grooves
and without tongues and grooves), laminate flooring, veneer flooring, bamboo flooring and cork flooring.
According to German Blue Angel and Austrian certification bamboo and cork flooring are not considered
as wood flooring. Pursuant to the requirements of the Natureplus certification, only parquet, solid wood
flooring and veneer flooring are considered as wood flooring.

Eco certified wood flooring has to be produced, classified and tested pursuant to the following
reference standards:

- the following are used for parquet and solid wood flooring: EN 13226 (2009): Wood flooring - Solid
parquet elements with grooves and/or tongues, EN 13227 (2002): Wood flooring - Solid lamparquet
products, EN 13228 (2011): Wood flooring – Solid wood overlay flooring elements including blocks with
an interlocking system, EN 13488 (2005): Wood flooring – Mosaic parquet elements, EN 13489 (2005):
Wood flooring - Multi-layer parquet elements, EN13696 (2008): Wood flooring – Test methods to
determine elasticity and resistance to wear and impact resistance and EN 14342 (2014): Wood flooring
and parquet - Characteristics, evaluation of conformity and marking;

- the following are used for laminate flooring: EN 14041 (2004): Resilient, textile and laminate floor
coverings - Essential characteristics, ISO 10874 (2009): Resilient, textile and laminate floor coverings -
- Classification, EN 13329 (2016): Laminate floor coverings - Elements with a surface layer based on
aminoplastic thermosetting resins - Specifications, requirements and test methods, EN 14978 (2016):
Laminate floor coverings - Elements with acrylic based surface layer, electron beam cured -
Specifications, requirements and test methods, EN 15468 (2016): Laminate floor coverings - Elements
with directly applied printing and resin surface layer - Specifications, requirements and test methods;

- the following is used for cork flooring: EN 12104 (2000): Resilient floor coverings -- Cork floor tiles
-- Specification, and for

- veneer flooring: EN14354 (2004): Wood-based panels - Wood veneer floor covering.

Since the relevant European standards for wood flooring are harmonized with the Construction
Products Regulation 305/2011/EU-CPR, it implies that wood flooring holds CE mark which is a
precondition for eco certification too.8 On German market, wood flooring must also have the national Ü

8 During the testing for issuing CE mark for wood flooring, emission of formaldehydes, pentachlorophenol, tensile strength
and fire reaction are determined.
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conformity mark, in addition to the CE mark. This conformity mark is used only on the market in Germany
and it has been mandatory for laminate flooring from 2005 and for parquet and wood flooring from 2011.9

Generally, requirements which wood flooring has to fulfil in order to obtain eco label can be divided
into three groups. The first group of requirements refers to wood raw material for flooring production, the
second group refers to the chemical characteristics of the agents used for their production and laying
and the third refers to the consumption of energy in flooring production.

3.1.1. Requirements of raw materials used for the production of eco certificated wood flooring

According to the requirements of the analysed eco certifications, the first condition which wood
flooring has to fulfil to obtain the eco label is to be produced from the certified wood raw material.
Pursuant to the requirements of Nordic and EU certification, at least 70% of wood raw material for
flooring production has to originate from the FSC/PEFC certified forests (40% for wood-based products
according to the EU certification), while pursuant to the requirements of German and Austrian
certification this percentage amounts to 50% (Nordic Ecolabelling of Floor coverings; Wooden floor
coverings: EU ecolabel award scheme; RAL-UZ 176; Richtlinie UZ 56). EU eco label can be obtained
for wood flooring, laminate flooring and cork and bamboo flooring if more than 90% of their mass is of
wood, wood flour and/or wooden/herbaceous material (Wooden floor coverings: EU ecolabel award
scheme). The condition for obtaining Naturplus eco label is that at least 95% of wood flooring has to be
produced from renewable raw material (For the Awardance of the Eco-Label - Award Guideline 0209).

Additional condition for wood raw material set only in the requirements of the German certification is
that flooring producer has to prove the legality of its origin pursuant to the European Union regulation
EUTR 995/2010.

Nordic certification has the strictest requirements for raw material used for flooring production. This
eco certification is specific because it sets that flooring produced from certain wood species cannot
obtain eco label. Regarding this, flooring produced from wood species on the CITES list and IUCN10 red
list, or if raw material originates from the forests managed in unsustainable manner, cannot be subject
to the Nordic eco certification (Nordic Ecolabelling of Floor coverings).11

Prohibition of using GMO wood for wood flooring production is present only in the requirements of
the EU certification. Requirements of the EU and Nordic certification set that wood (including bamboo)
used for flooring production, shall not be treated with pesticides after logging, which according to the
classification of the World Health Organization belong to Ia class and are defined as extremely
dangerous and to Ib class and are defined as very dangerous (Nordic Ecolabelling of Floor coverings,
Wooden floor coverings: EU ecolabel award scheme).12

According to the requirements of these two certifications, flooring producer has to make a
management plan for wood waste which occurs during flooring production and to define in it the amount
and type of waste which occurs, manner for its disposal and the potentials for its reuse.

3.1.2. Chemical characteristics of the agents used for the production of eco certified wood
flooring

Testing of wood flooring includes the analysis of the presence of carcinogenic (H350), mutagenic
(H340) and toxic substances (H360) of category 1 or 2, according to the classification given in the table

9 Use of flooring without Ü conformity mark on the market in Germany is considered a criminal act. Key difference between
the products with CE and Ü mark is that the products with Ü mark must have information about the application, measures
and design defined in national regulation in addition to the information about properties.
10 IUCN - International Union for the Conservation of Nature and Natural Resources.
11 List of wood species the produced flooring of which cannot be eco certified pursuant to the Nordic requirements can be
found on the website: http://www.nordic-ecolabel.org/wood/
12 World Health Organization: http://www.who.int/ipcs/publications/pesticides_hazard_2009.pdf.
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3.2 of the Annex VI of the European Union Directive EC No 1272/200813, i.e. of category 1A or 1B
according to the classification given in the table 3.1. in the same document (table 1). These substances
are present in wood flooring only if adhesives, coating materials and similar materials containing these
substances are used for its production.

Table 1. List of hazardous substances whose presence in wood flooring is tested according to the
requirements of Nordic, EU and Naturplus eco certification

Sources: 1. Nordic Ecolabelling of Floor coverings; 2. For the Awardance of the Eco-Label - Award Guideline 0209; 3.
Wooden floor coverings: EU ecolabel award scheme.

Beside the stated in table 1, according to the requirements of German Blue Angel and Austrian UZ
eco certification, the presence of the substances stated in table 2 in wood flooring is also tested.

According to the requirements of the analysed eco certifications, eco certified wood flooring must not
have emissions of VOC, formaldehydes and ammonia (originating from the agents used for flooring
production) higher than the values stated in table 3. Limit values for Nordic, German and Austrian
certification are quite similar, while the values for the EU certification are defined after three days of
testing because of which it is not possible to make comparison with the values of other certifications.14

13 Regulation (EC) No1272/2008 of the European Parliament and of the Council of 16 December 2008 on classification,
labelling and packaging of substances and mixtures, amending and repealing Directives 67/548/EEC and 1999/45/EC, and
amending Regulation (EC) No1907/2006, Annex VI Harmonized classification and labelling for certain hazardous substances,
Part 3: Harmonized classification and labelling (http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:353:0001:1355:en:PDF).
14 Significant number of certifications of construction products, as well as obtaining the U conformity mark in Germany is
based on the requirements set in the AgBB evaluation scheme of the German Federal Environment Agency; http://www.eco-
institut.de/en/home/detail/agbb-scheme-2015-published-with-new-lci-values-applying-also-for-vvoc-and-svoc/

Hazard class and category Hazard category and hazard phrase in line with CLP Regulation
1272/2008Toxic to aquatic organisms

Category Acute 1
Chronic 1-2

H400 – Very toxic to aquatic life.
H410 – Very toxic to aquatic life with long lasting effects.
H411 – Toxic to aquatic life with long lasting effects.
H412 – Harmful to aquatic life with long lasting effects.

Hazardous to the ozone layer EUH059 – Hazardous to the ozone layer.

Acute toxicity Category 1-3

H300 – Fatal if swallowed.
H310 – Fatal in contact with skin.
H330 – Fatal if inhaled.
H301 – Toxic if swallowed.
H311 – Toxic in contact with skin.
H331 – Toxic if inhaled.

Specific target organ toxicity (STOT)
with single and repeated exposure:
- STOT SE category 1-2
- STOT RE category 1-2

H370 – Causes damage to organs.
H371 – May cause damage to organs.
H372 – Causes damage to organs.
H373 – May cause damage to organs.

Carcinogenic Carc 1A/1B/2
H350 – May cause cancer.
H350i – May cause cancer by inhalation.
H351 – Suspected of causing cancer.

Mutagenic Mut 1A/B/2 H340 – May cause genetic defects.
H341 – Suspected of causing genetic defects.

Toxic for reproduction Repr 1A/1B/2 H360 – May damage fertility or the unborn child.
H361 – Suspected of damaging fertility or the unborn child.
H362 – May cause harm to breast-fed children.
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Table 2. Supplementary list of substances whose presence is tested in wood flooring during eco
certification

Sources: 1. Richtlinie UZ 56; 2. RAL-UZ 176.

Table 3. Values of VOC emissions for wood flooring according to the requirements of Nordic, German,
Austrian and EU certification

Compound or
Substance

Limit values of emissions in mg/m3

After 28 days After 3
days

Nordic
certification

Blue Angel
certification

Austrian
certification

Natureplus
certification

EU
certification

Total organic
compounds within the
retention range of
C6 to C16 (TVOC)

≤ 0.3 ≤ 0.3 ≤ 0.3 ≤ 0.3
≤ 0.25

Total organic
compounds within the
retention range of
> C16 to C22 (TSVOC)

≤ 0.1 ≤ 0.1 ≤ 0.1 ≤ 0.1 ≤ 0.03

Total VOC without LCI
(LCI - Lowest
Concentration of
Interest)

Not definite ≤  0.1 ≤  0.1 Not definite ≤  0.05

Ammonia -- 0.1 -- -- --
Formaldehyde
(values expressed in
parts per million - ppm)

≤ 0.06 ppm ≤  0.05 ppm ≤  0.05
ppm

Solid wood flooring:
≤ 0.03 ppm

Glue laminated
flooring:

≤ 0.04 ppm

≤  0.05
ppm

Sources: Nordic Ecolabelling of Floor coverings; 2. For the Awardance of the Eco-Label - Award Guideline 0209; 3. Wooden
floor coverings: EU ecolabel award schemel; 4. RAL-UZ 176; 5. Richtlinie UZ 56.

Apart from VOC emissions, testing of the presence of certain chemical elements in wood flooring is
also tested with the following allowed values: for arsenic, chromium and lead by 5mg/kg, for cadmium
0,5 mg/kg, for cobalt 100 mg/kg, for copper 20 mg/kg, for mercury 0,1 mg/kg, for nickel 10 mg/kg, and
for antimony 1 mg/kg (For the Awardance of the Eco-Label - Award Guideline 0209). If the flooring

Hazard class and category Hazard category and hazard phrase in line with CLP Regulation 1272/2008
Toxic to aquatic organisms
Category Acute 1
Chronic 1-2

H413 – May cause long lasting harmful effects to aquatic life.

Acute toxicity Category 1-3 H317 – May cause an allergic skin reaction.
H334 – May cause allergy or asthma symptoms or breathing difficulties if
inhaled.

Toxic for reproduction
Repr 1A/1B/2

H360F – May damage fertility.
H360D – May damage the unborn child.
H360FD – May damage fertility. May damage the unborn child.
H360Fd – May damage fertility. Suspected of damaging the unborn child.
H360Df – May damage the unborn child. Suspected of damaging fertility.
H361f – Suspected of damaging fertility.
H361d – Suspected of damaging the unborn child.
H361fd – Suspected of damaging fertility. Suspected of damaging the unborn
child.
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consists of particleboards or fibreboards, allowed values of certain chemical elements in these boards
are the following: for arsenic, beryllium, cobalt, nickel, antimony and zirconium by 1 mg/kg, boron 25
mg/kg, cadmium 0,5 mg/kg, chromium 2 mg/kg, copper and lead by 10 mg/kg and mercury 0,1 mg/kg
(For the Awardance of the Eco-Label - Award Guideline 0209).

According to the requirements of the analysed certifications, most often the use of the following is
not allowed for the production of wood flooring:

- substances on the Candidate List15,
- persistent, bioaccumulative and toxic (PBT) organic substances, very persistent and very

bioaccumulative (vPvB) organic substances16,
- substances considered to be potential endocrine disruptors in category 1 or 2 on the EU’s priority

list of substances that are to be investigated further for endocrine disruptive effects17,
- alkylphenol ethoxylates and other alkylphenol derivatives, halogenated organic substances (organic

chloroparaffins, flourine compounds and halogeneated fire retardants), phthalates, aziridine and
polyaziridines,

- pigments and additives based on lead, tin, cadmium, chromium VI and mercury, or compounds of
these and

- pesticides (organochlorine and organophosphate pesticides and pyrethroids) (Nordic Ecolabelling of
Floor coverings).

Requirements of the Natureplus eco certification set that the intensity of smell of the placed wood
flooring shall be ≤3,18 while the requirements of the German Blue Angel certification only recommend
the producers to test smell intensity for their products (For the Awardance of the Eco-Label - Award
Guideline 0209).

3.1.3. Energy consumption for wood flooring production

Determination of energy consumed for the production of wood flooring is defined only in Nordic and
EU certification. According to the requirements of both certifications, calculation for consumed energy is
conducted on annual level after which its annual average is determined.

According to the requirements of the Nordic certification, at least 95% of used raw material has to be
included in the calculation, where energy consumed for the production of wood-based panels used for
flooring production is also calculated, however energy consumed for the production of adhesives and
varnishes are not calculated. Total amount of consumed energy for wood flooring production is
calculated by using the following formula according to the requirements of this certification:

E = A/20 + (5 – B/3) + (5 – C/7)
Where is:

A – proportion of renewable fuel (%); B – electricity consumption (maximum 15 KWh/m2); C – fuel
consumption (maximum 35 kWh/m2) (Nordic Ecolabelling of Floor coverings).

E should be at least 11 for solid wood flooring, 8 for parquet, laminate flooring, bamboo flooring and
cork flooring (Nordic Ecolabelling of Floor coverings).

When calculating the consumed energy pursuant to the requirements of the EU certification, certified
raw material and recycled material used for flooring production are taken into consideration, as well as
the consumed amounts of electricity and fuel. Calculation of the consumed energy includes all activities
for which the energy was consumed from the moment when the raw material entered the factory

15 Candidate List of Regulation (EC) No. 1907/2006 concerning the Registration, Evaluation, Authorization, and Restriction
of Chemicals: http://echa.europa.eu/chem_data/authorisation_process/candidate_list_table_en.asp
16 PBT and vPvB substances are defined in Annex XIII of Regulation EC No 1907/2006. Substances that meet, or substances
that form substances that meet, the PBT or vPvB criteria are listed at http://esis.jrc.ec.europa.eu/index.php?PGM=pbt.
17 http://ec.europa.eu/environment/chemicals/endocrine/pdf/final_report_2007.pdf.
18 The scale used for evaluating the smell pursuant to the requirements of the Natureplus eco certification has 6 grades, and
smell intensity is evaluated 24h after the filling of the test chamber.
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Figure 1. Logo of Nordic eco label Swan, German Blue Angel and Nature plus, Austrian UZ and
European EU (Source:1. http://www.nordic-ecolabel.org/; 2. https://www.blauer-engel.de/en;

3. http://www.natureplus.org/; 4. https://www.umweltzeichen.at/cms/en/austrian-ecolabel/vision/content.html;
5. http://ec.europa.eu/environment/ecolabel/)

premises to the last operation on the final product, including packing. The calculation does not include
energy consumed for the production of raw material, or for the production of adhesives and coating
materials. Depending on flooring type, formulas for calculating consumed energy have the following
forms:

- for solid wood flooring and bamboo flooring: P = A/25 + B/25 + (4-0,055xC) + (4-0,022xD) > 10,5
Where is: A - Wood from certified, sustainable forest (%); B - Proportion of renewable fuels (%); C -
Electricity consumption (MJ/m2); D - Fuel consumption (MJ/m2);

- for laminate flooring: P = A/25 + B/25 + C/25 + (4-0,055xD) + (4-0,022xE) > 12,5
Where is: A - Cork, bamboo or wood from certified forest (%); B - Proportion of recycled wood raw
materials (%); C - Proportion of renewable fuels (%); D - Electricity consumption (MJ/m2); E - Fuel
consumption (MJ/m2);

- for cork flooring: P = A/25 + B/25 + (4-0,055xC) + (4-0,022xD) > 9
Where is: A - Proportion of recycled cork (%); B - Proportion of renewable fuels (%); C - Electricity
consumption (MJ/m2); D - Fuel consumption (MJ/m2) (Wooden floor coverings: EU ecolabel award
scheme).

3.1.4. Declaration on the packaging of eco certified wood flooring

Most often, the following information is stated on the packaging of certified wood flooring:
- logo of eco label and data about flooring producer (figure 1);
- product name and material (mark and origin of dominant wood species used in flooring production);
- colour/model and lot number (and wear class only for laminate flooring);
- dimensions of parquet elements and floor surface in one packaging expressed in m2;
- instructions for storage and disposal;
- instructions for laying and recommendations for using certain types of adhesives for joining the

elements of wood flooring, as well as for their gluing to the subfloor below the wood flooring;
- instructions for coating treatments for flooring without surface coating (type/amount of oil or varnish

with low emission);
- instructions for cleaning, maintenance, disposal, separation of flooring when it is moved to another

location, recycling, extending the lifespan of flooring by renovating, i.e. sanding and recoating.

According to the requirements of the analysed certifications, material for packing the flooring should
be recyclable. Plastic packaging for eco certified wood flooring must be polyolefin based. Also,
packaging material must not contain biocides.

German Blue Angel certification is specific for not allowing any commercial messages on the
packaging of certified flooring, such as: “no negative impact on the environment” or “products are not
toxic” or “not dangerous for health”. Also, it is not allowed to use marks such as organic, eco and similar
(RAL-UZ 176).
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3.2. Classification of construction material according to the VOC emissions

Beside eco certification for which the products have to fulfil various types of requirements, system of
quality classification for construction material has been used in the last two decades in Europe based
on the VOC emissions. Application of this system promotes the production and use of construction
material with low emission which results in healthier and more comfortable conditions for human
presence in the rooms in which it is used. The first such classification system was introduced in 1995 in
Finland as a part of classification system for air and closed space atmosphere, which is why the intensity
of smell of volatile organic compounds from construction materials
is also taken into consideration in this classification system.
According to this classification system, construction materials are
divided into three classes, where materials of M1 class have the
lowest emissions and materials of M3 class have the highest
emissions (figure 2). According to the requirements of
classification, levelling agents, putty, mastics, fillers and screeds
must not contain casein.19 Requirements for emissions set in this
classification system are one of the strictest in Europe (table 4).

Table 4. Values of VOC emissions according to the Finnish classification system
Criteria/classification Limit values of emissions after 28 days of testing

M1 (mg/m2h) M2 (mg/m2h) M3 (mg/m2h)
TVOC (Minimum of 70% of the compounds shall be
identified)

˂ 0.2 ˂ 0.4 > 0.4
Formaldehyde < 0.05 < 0.125 > 0.125
Ammonia < 0.03 < 0.06 > 0.06
Carcinogenic compounds < 0.005 < 0.005
Odour (dissatisfaction with odour shall be below 15%) No odour No odour Odour

Source: http://m1.rts.fi/en/m1-criteria-and-the-use-of-classified-products-2d03887d-aa6a-4a66-ad3c-ce25a512cf38

Similar quality classification system for construction products, adhesives, materials used when laying
wood flooring and its surface coating exists in Germany as well from 1997. According to the requirements
of the GEV EMICODE® classification, construction
materials are grouped into three classes based on
VOC emission, where classes EC 1PLUS and EC1
are characterized by very low emissions and class
EC2 are characterized by low VOC emissions (figure
3). Values of emissions of volatile organic
compounds, formaldehydes, acetaldehydes for each
quality class pursuant to the GEV EMICODE®
classification are given in table 5.

Table 5. Quality classes for construction products according to the GEV EMICODE® system
EC 1PLUS EC1 EC2

µg/m3

TVOC after 28 days ≤ 0.06 ≤ 0.1 ≤  0.3
TSVOC after 28 days ≤ 0.04 ≤ 0.05 ≤  0.1
Sum non-assessable VOC ≤ 0.04 - -
Formaldehyde after 3 days ≤ 0.05 ≤ 0.05 ≤ 0.05
Acetaldehyde after 3 days ≤ 0.05 ≤ 0.05 ≤ 0.05
Sum formaldehyde and acetaldehyde ≤ 0.05 ppm ≤ 0.05 ppm ≤ 0.05 ppm

19 http://m1.rts.fi/en/m1-criteria-and-the-use-of-classified-products-2d03887d-aa6a-4a66-ad3c-ce25a512cf38

Figure 2. Logo for M1 quality
class for construction products

(Source: http://m1.rts.fi/en/)

Figure 3. Logo for GEV EMICODE® quality
class of construction products (Source:

http://www.emicode.com/en/emicode-r/categories/)
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Any C1A/C1B VOC after 28 days ≤ 0.001 ≤ 0.001 ≤ 0.001
Source: http://www.emicode.com/en/emicode-r/limit-values/

4. CONCLUSION

Considering that it is laid on large surfaces and that its lifespan is long, wood flooring can have
significant impact on the health of people who spend time in the areas in which it is used. This impact
can be unfavourable if the flooring is produced from the materials containing hazardous substances or
if it has high VOC emissions with intensive odour during its use. Consumers should select eco certified
products in order to be sure that wood flooring which they bought will not have harmful effect on their
health or environment during its use. Nordic Swan, German Blue Angel and Naturplus, Austrian UZ and
EU label are the best known eco labels used in Europe for wood flooring. In order to get eco label, wood
flooring has to fulfil certain requirements regarding wood raw material it is made of, values of VOC
emissions originating from the materials used for its production and the amount of energy consumed for
its production.

Note: The paper is financially supported by the Ministry of Science and Technological Development of
the Republic Serbia within the project ref.43007: „Research of climate changes and their environmental
impact – monitoring of impacts, adaptation and mitigation“.
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SURVEY OF CHAIN OF CUSTODY CERTIFICATION IN THE COUNTRIES OF
CENTRAL AND SOUTH EUROPE

Paluš H.; Parobek J; Vlosky P. R; Motik D.; Oblak L.; Jošt M.; Glavonjić B.; Dudík R.; Wanat L.

ABSTRACT

The aim of this paper is to examine the conditions in the chain of custody certification in the region of the
Central and South Europe. A multinational survey involving chain of custody certificates holders in Slovakia,
Czech Republic, Poland, Slovenia, Croatia and Serbia was conducted to identify the understanding of the concept
of forest certification as environmental, economic and social tool and to determine incentives for its implementation
by companies. Results indicate that surveyed companies demonstrated a high level of understanding of the chain
of custody certification concept. However, they link forest certification mainly to the issues of legality, tracing the
origin source of supply and prevention from illegal logging. The main expected benefits following from certification
are those of improvement of external company image followed by business performance factors such as
penetrating new markets, increase of sales volume, expanded market share and the increase of profit margin.
Key words: forest certification, chain of custody, timber legality

1. INTRODUCTION

The idea of sustainable forest management is based on the concept of sustainable development
and leans on three integrated and equally important pillars: environmental soundness, social justice, and
economic viability. Forest certification was initially introduced as a voluntary mechanism by
environmental groups to reflect the consequences of deforestation and forest degradation (Rametsteiner
and Simula 2003) and was quickly accepted as a mean to promote sustainable forest management
(Durst et al. 2006, Siry et al. 2005, Perera et al. 2007). Forest certification is a process by which forest
owners voluntarily submit their forest to inspection by an independent certification body to determine
whether their management meets clearly defined standards, particularly regarding sustainability (Peck,
2001). Cabarle et al. (1995) argue that the objective of certification is to link the informed consumer with
products produced in an environmentally and socially responsible manner. Consumers express their
concerns about the ethical behaviour of companies by means of ethical buying and consumer behaviour
(De Pelsmacker et al. 2005) and they increasingly demand assurances that the production of goods
conforms to minimum standards of social and environmental responsibility (Fischer et al. 2005).
Companies who can prove that they are environmentally responsible by being certified will benefit by
differentiating their products and increase their market share (Bigsby and Ozanne 2002).

Since their beginning the forest certification schemes evolved, improved and continually
implemented interrelated concepts and needs of society, and increasingly became an instrument of
governmental procurement policies, obligatory requirements for awarding ecolabels, corporate policies
of private companies, requirements for green building initiatives and the accepted tool for proving the
legality of timber origin. Rickenbach and Overdevest (2006) state that the dominant model for
understanding the effectiveness of certification views forest certification as a market-based incentive for
forestry enterprises as supply chain firms adopt certified forest products because they expect direct
market benefits. In addition to economic factors, perceived pressure from shareholders, firm size,
financial health, past environmental performance, and regulatory threats have been linked to firms’
decisions to meet environmental standards voluntarily. Other views understand certification as a signal
to external stakeholders that enterprises are meeting high forestry standards or as a policy for the
improving of forestry practices and production.

By the end of 2015 the Forest Stewardship Council (FSC) reported over 186 mil. ha and the
Programme for the Endorsement of Forest Certification (PEFC) some 272 mil. ha of certified forests.
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According to UNECE (2015) the global certified area of 458.4 mil. ha includes an estimated over 7.5
million hectares certified under both schemes with more than 80% double certification in Europe and
North America. In the same period FSC registered 29,801 and PEFC 10,744 companies benefiting from
the chain of custody certificates. Even if the growth of certified forest area is slowing, there are
possibilities for increases mainly in the Southern Hemisphere and for diversification and new approaches
to certification.

There have been many studies elaborated regarding chain of custody certification and perception
of this issue by the companies (Vlosky and Ozane 1998, Vlosky et al. 2003, Vlosky et al. 2009, Tolunay
and Türkoğlu 2014, Vidal et al. 2005, Hrabovsky and Armstrong 2005, Hayward and Vertinsky 1999).
For some certified companies the implementation of forest certification provide the satisfaction of
supporting the sustainability of natural forest resources and society as a whole (WWF 2000). It may also
serve to improve their corporate images and access to markets (Hansen and Punches 1999, Hubbard
and Bowe 2004). Trishkin et al. (2014) explored the attitudes and motivation associated with forest
certification among forest industry companies in north-western Russia. Market demand was identified
as a main driving force influencing development of forest certification; wood legality, company’s image
and competitiveness of wood products were recognized as the most important benefits associated with
forest certification. Despite the comprehensive research carried out worldwide, there are still limited
information on the development and status of chain of custody certification in the region of Central and
South Europe. There have been several studies elaborated focusing on the establishment and
development of forest certification (Dudík and Riedl 2015, Paluš, 2000, 2001, Paluš et al. 2014, Šupín,
2006). but only few concentrating on the attitudes towards forest and chain of custody certification (Paluš
and Kaputa 2009, Halalisan et al. 2013).

Therefore, the main objective of this paper is to analyze the current state of chain of custody
certification from the perspective of certified companies in the countries of Central and South Europe in
terms of understanding of concept and role of forest and chain of custody certification and motives and
expectations of companies following from implementation of chain of custody certification.

2. METHODOLOGY

For the purposes of this study the following former transition countries were included: Poland,
Slovakia, Czech Republic, Slovenia, Croatian and Serbia. Except of the latter all countries were EU
members. The study was carried out using a questionnaire survey. Companies selected for the survey
were identified from the international registers of chain of custody holders of the PEFC (2015) and FSC
(2015) certification schemes. Database of companies holding a valid COC certificate with available email
addresses was constructed and cleared for double certification users; thus giving the total number of
1916 companies to be contacted in the survey. Survey development and implementation was based on
the modified methods recommended by Dillman (1987) including pre-notification email, first and second
mailing in order to maximise response rates. Data were collected in October and November 2015. The
original English versions of mailings and the questionnaire were translated into the respective languages
and sent out through national survey coordinators. Totally 881 (45.98%) of responses was received, out
of which 744 were suitable for analysis, thus giving the adjusted return rate of 38.83%.

The questionnaire consisted of a cover letter explaining the content and of a number of sections.
The first section contained questions regarding the business profile of companies in terms of the
geographical localisation, company size, sector represented and the certification scheme used. The
second section of the questionnaire contained questions aimed at the examination of companies’ level
of understanding the forest certification concept both at the sustainable forest management and chain
of custody levels as well as to determine the level of agreement with the basic certification statements.
The researchers provided definitions of forest certification concepts to assure the consistent frame of
reference for the respondent. In the third section the participants were asked to provide internal
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information on their involvement in the certification process, namely the motives and benefits they
expected from entering certified products market.

A five-point Likert scale was used to measure the level of understanding the certification concepts
and level of agreement with principal certification statements and to evaluate the reasons why
companies decided to participate in certified prodcuts market. The reliability of factors was tested by
using the Cronbach’s alpha coefficient. A reliability coefficient of 0.7 and above was considered and
acceptable for consistency level (Nunnaly 1978).

Collected data were checked for complexity and analysed by the SPPS statistical package.
Frequency analysis was used to present the collected data and the Pearson's Chi-square test for
independence was used to measure differences in distribution of categorical variables.

3. RESULTS AND DISCUSSION

As for the geographical structure of the number of contacted companies, some 48.3% were
located in Poland, 17.6% in the Czech Republic, 10.5% in Slovenia, 11.2% in Croatia, 7.7% in
Slovakia and 4.7% in Serbia. Out of 744 respondents 57% were from Poland, 11% from Czech
Republic and Slovenia, 8% from Serbia, 7% from Slovakia and 6 from Croatia.

Companies were mostly representing the primary wood processing sectors (55%), followed by
trading companies (25%) and secondary wood processing (20%). The respondents were manufacturers
of a variety of products including plywood, sawnwood, chips, pellets, pulp and paper, doors, windows,
furniture, wooden constructions etc.

The number of employees was used as an indicator of company size. Small companies (11-50
employees) represent 41% the respondents, followed by equal representation (27% each) of micro (1-
10 employees) and medium-size companies (51-250 employees). Only 5% of respondents represented
large companies (over 251 employees).

Two certification systems, namely FSC and PEFC, were used by companies involved in the survey.
A share of FSC (56%) and PEFC (12%) COC certificate holders reflect the proportion of FSC and PEFC
certified companies contacted in the survey (4:1). FSC certified companies were also those holding the
SFC Control Wood certificates. The number of these certificates were growing in the countries with the
prevailing availability of PEFC certified forests. Additionally, 32% of responding companies were double
certified.

All group distributions were tested for differences between the counties. Using the Chi-square test
there were significant differences identified between the countries in terms of company size (χ2 = 93.045,
p = 0.000), forest product sector (χ2 = 54.192, p = 0.000) and certification scheme implemented (χ2 =
293.199, p = 0.000). The companies’ level of understanding the forest certification concept was
examined both at the sustainable forest management and the chain of custody levels. There was clearly
better understanding of COC concept (score 4.06) than SFM concept of certification (score 3.62)
between the companies.

To explore the attitudes of certified companies towards the main objectives and purposes of chain
of custody certification, the level of agreement with basic certification statements was examined (Fig. 1)
The reliability of examined factors using the Cronbach’s alpha coefficient was 0.857. With the highest
mean score 4.02 the respondents strongly believe that certification helps to ensure legal origin of wood,
followed by the ability of COC certification to trace the supply chain back to the origin source (3.92) and
the consequent effect that certification has on the prevention from illegal logging (3.83). These legality
issues were closely followed by the sustainability issues, namely promotion of sustainable forest
management (3.76) and sustainable utilisation of timber (3.64). The least level of agreement
respondents expressed with the statements regarding the improvement of internal efficiency that COC
certification can bring to the companies. These include improvement in efficiency of internal material
flow, communication and corporate management.
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Fig. 1 Level of agreement with basic certification statements

To explore what were the main expectations that motivated companies to enter into the certified
products market, companies were provided several options covering a range of the most important
benefits the certification may bring. The reliability of examined factors using the Cronbach’s alpha
coefficient was 0.779. The most important motive was the improvement of external company image
(mean score 4.18). Other expectations following from certification were linked to penetrating new
markets (3.94) and related increase of sales volume (3.89), expanded market share (3.79) and finally
the increase of profit margin (3.74). Other issues such the environmental commitment (3.10) or
diversification of products (2.45) were considered as least motivating factors (Fig. 2). It follows that
certification is considered by certified companies as a tool that can improve their environmental image,
provide access to environmentally sensitive markets and through these activities meet their sales
objectives while keeping their original production patterns.

Fig. 2 Main expectations motivating companies to enter into certified products market

In relation to the motives of companies being certified we examined the original incentives for
certification. A decision to implement certification requirements as a voluntary tool can be taken by the
company itself or the incentive can originate from the existing or potential customers. An initial stimulus
to become certified for over 45% of companies originated from the potential customers (Fig. 3) so that
certification can be considered an option for companies to increase their sales volume and expand it
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terms of market share growth. Using the Chi-square test there were significant differences identified
between the countries in terms of original incentives (χ2 = 217.611, p = 0.000).

Fig. 3 Original incentives for certification

4. DISCUSSION

Forest certification is mainly connected to the issue of legality, tracing the origin source of supply
and a tool that prevents from illegal logging. For the EU countries legality requirements for timber are
defied by the European timber regulation (EUTR), which recognises good practice in the forestry sector
such as certification or other third party verified schemes that include verification of compliance with
applicable legislation to be used in the risk assessment procedure (EC 2016). Criteria for legality are
also part of timber procurement policies and cover issues such as legal use rights to the forest, payment
of all relevant fees and taxes, compliance with all relevant local and national laws and with the
requirements of CITES. In almost all cases they have been adjusted slightly to ensure consistency with
the definition used in the EUTR (Brack 2014). Secondly, COC certified companies also see the
certification as a tool to promote sustainable forest management and sustainable utilisation of timber,
which is in line of the results of WWF (2000). Even if both, FSC and PEFC COC standards, incorporate
minimum management requirements, companies do not consider them to be improving efficiency of
internal material flow, communication and corporate management.

The main expected benefits following from certification are linked to the improvement of external
company image. This factor is related to the environmental communication activities of companies.
Vlosky et al. (2009) also documented an increase in perceiving improvement of company image as a
benefit following from entering the certification arena. Other expectations following from certification
were linked to business performance factors such as penetrating new markets, increase of sales volume,
expanded market share and the increase of profit margin. This is in line with findings of Hansen and
Punches (1999) or Hubbard and Bowe (2004) who argue that certification may serve to improve
corporate image of companies and access to markets. Our results also indicate that companies expect
these market benefits with the existing production patterns and there is no need to diversify products
portfolio to meet the increasing demand for certified products.

5. CONCLUSION

The study was aimed at examining the status of chain of custody certification in the countries of
Central and South Europe, notably in Slovakia, Czech Republic, Poland, Croatia, Slovenia, and Serbia.
In all surveyed countries forest certification has been implemented into forest management practices
and there is a network of chain of custody certified companies utilising available certified wood
resources. In particular, the understanding of concept and role of certification and expectations of
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companies following from implementation of chain of custody certification were analysed. The following
conclusions can be drawn:

 chain of custody certified companies demonstrated a high level of understanding of the COC
concept, nevertheless they reported also considerable awareness with the concept related to
the sustainable management of forest resources,

 companies in all surveyed countries link forest certification mainly to the issues of legality,
tracing the origin source of supply and prevention from illegal logging, rather than a tool to
promote sustainable forest management and sustainable utilisation of timber,

 main expected benefits following from certification are linked to the improvement of external
company image followed by business performance factors such as penetrating new markets,
increase of sales volume, expanded market share and the increase of profit margin.
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IMPACT OF ORGANIZATIONAL LEARNING ON THE DEVELOPMENT OF
COMPETENCIES: CASE OF SLOVENIAN WOOD-INDUSTRY

Kropivšek, J.; Oblak, L.; Zupančič, A.; Jošt, M.

ABSTRACT

Education and training of employees are important parts of organizational learning and a key to ensuring
their competence for the job, which in turn leads to their increased motivation and greater efficiency and quality
of work. Wood industry is from a national perspective of strategic importance for the preservation of rural areas
and offers wide employment opportunities, but in recent it has become less competitive, mainly because of the
low level of knowledge and / or inadequate competencies of employees. In this study we examined the impact of
selected trainings as a part of a large project in wood industry on the development of the competencies of four
employee profiles. A positive effect of trainings on raising the level of competencies and reduction of deficits were
established. This will ensure greater competitiveness of the industry and greater flexibility and efficiency of wood
industry companies.
Key words: competency, organisational learning, wood-industry sector

1. INTRODUCTION

Wood industry is from a national perspective in Slovenia of strategic importance for the preservation
of rural areas and offers wide employment opportunities, but in recent years it has become less
competitive, mainly because of the low level of knowledge and / or inadequate competencies of
employees. This is a major obstacle with the Slovenian wood industry, where the level of basic
educational achievement among employees is relatively low (Kropivšek et al., 2009). All sorts of
business challenges are also forcing companies to maintain and develop skills and knowledge of their
employees.

A competency is understood as the "knowledge, ability, dexterity, know-how, experience and other
personal characteristics necessary to successfully perform specific tasks" (Svetlik, 2005; Lustri et al.,
2007). Marrelli et al. (2005) define competency as a measurable human capability that is required for
effective performance. Boyatzis (1982) emphasizes the concept of competency as a personal
characteristic, and one that indicates ways of behaving or thinking generalizing across situations and
enduring for a reasonably long period of time. Competencies can be divided into technical (job-related
skills and knowledge) and behavioral (refer to personal attributes or characteristics) competencies (Yu-
Ting, 2010). Competencies are classified into several categories / groups in the literature (Kohont, 2005;
Cardy and Selvarajanb, 2006; Thornton and Byham, 1982; Dulewicz, 1989). For the purposes of this
research the following groupings are used: (1) generic competencies, which are transferable and not
tied to a specific job or task; (2) professional competencies, which are linked to formal education; and
(3) job-specific competencies, which are related to business, organizational and technological
requirements or restrictions on individual jobs.

Competencies need to be translated into criteria for assessing and developing employees (Cardy
and Selvarajanb, 2006). In practice it means continuous, lifelong learning (formal and informal) of all
employees (Možina et al., 2002). Education and training of employees are important parts of
organizational learning and a key to ensuring their competence for the job, which in turn leads to their
increased motivation and greater efficiency and quality of work. Organizational learning is a two-way
process of knowledge transfer among individuals, groups and the organization (Örtenblad, 2001;
Easterby-Smith et al., 1999; Schiuma and Moustaghfir, 2013). Šebestová and Rylková (2011) define
organizational learning as the organizational processes aimed at adding value to the knowledge
acquired and communicated throughout the firm. As such, organizational learning processes encompass
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the acceptance and assimilation of knowledge. Organizational learning is also described as a key
strategic capability that can help explain why successful firms surpass their competitors, and thus
learning is seen as an important tool that enables organizations to continuously adapt to rapidly changing
market requirements, thus achieving a true dynamic capability (Santos-Vijande, López-Sáncheza and
Trespalacios, 2012). The primary aim of organizational learning is the continuous development of new
knowledge and its efficient and effective management (Schiuma and Moustaghfir, 2013). Organizational
learning mechanisms have a great impact on competencies, as these convert a firm’s integrated learning
capabilities into core and distinctive competencies through the learning process and adoption efforts of
employees (Adams and Lamont, 2003; Bhatt, 2000).

In this study we examined the impact of selected trainings as a part of a large project in wood
industry on the development of the competencies of different employee profiles. A positive effect of
trainings on raising the level of competencies and reduction of deficits was expected. This would ensure
greater competitiveness of wood industry companies.

The specific objectives of this research were as follows: (1) to assess the level of selected
competencies for four profiles of employees (employees, which are strongly related to the production)
in the Slovenian wood industry, and (2) to determine the effects of systematic training on reducing deficits
in these competencies.

2. METHOD

This research was performed as a part within the framework of a large project, where, in the first
step, a competency model for six main profiles and several sub-profiles of employees in Slovenian wood
industry companies was developed (Kropivšek et al., 2013). In the next step the HR managers in the
companies evaluated the level of development of individual competency for each evaluated employee
with grades from 1 to 4:

 Grade 1 - Competency not reached (to perform tasks in the workplace correctly this employee
requires constant assistance or guidance and supervision of an authority),

 Grade 2 - Competency partially reached (the employee performs work tasks independently, but
often needs assistance or guidance and supervision of an authority),

 Grade 3 – Competency mainly reached (the employee performs the work tasks mostly
independently and at good quality),

 Grade 4 - Competency reached in full-range (the employee performs work tasks independently,
at good quality and meeting expectations).

After the evaluation of the first step a detailed training plan (based on the deficits of competencies),
which should reduce or eliminate those weaknesses, was prepared. Trainings were performed during
2013-2015. The last step of this study involves the second evaluation of the level of development of
individual competency (from 1 to 4) for each employee who took part in any training. So we got the
grades before and after the training.

We calculated relative share of achieving individual grades:

(1)

 % of grade X is the relative share of individual grades (from 1 to 4) of all grades for competency
 number of grades X is the number of individual grades (from 1 to 4) for the evaluated

competency
 total of all grades is the total number of grades for the evaluated competency:

% of grade 1 + % of grade 2 + % of grade 3 + % of grade 4 = 100%
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In this paper, analysis for four profiles of employees (employees, which are strongly connected to
the production) are presented:

 Profile 1 – Production workers on simple and less demanding jobs in the woodworking industry
 Profile 2 - Joiners and operators of complex woodworking machinery and technological lines
 Profile 3 - Leaders of organizational units and groups in woodworking production
 Profile 4 - Technologists, designers and constructors of wood products and furniture

3. RESULTS AND DISCUSION

We have analysed only the competencies linked to this profiles (competencies related to foreign
languages and health protection and safety at work were excluded). We also excluded the
competencies, where less than 10 employees were graded (participated). This ultimately means that the
analysis involved 396 employees and 42 different competences (a list of rated competencies is in Annex
1). In the analyses of the level of achievement of competencies we grouped ratings 1 and 2, because
both represent a deficit or strong non-achievement of expected level of competencies.

At profile 1 (Production workers on simple and less demanding jobs in the woodworking industry)
in total 8 competencies have been analysed (Figure 1). Before the trainings the share of grades 1 and
2 in general was little over 50%, and was lowered to 24% thereafter. Before the trainings the share of
grades 1 and 2 at the competency “quality control and production (self-control, interphase control)” (23)
was equal to 100%, at two others higher than 50%, while at the other competencies it was less than
40%. After trainings the share of grades 1 and 2 in all the competences declined by almost the half the
previous value (45%). At the competences with the highest deficit before trainings the relative
improvement in the competencies grades after trainings was the highest (over 60%): “preparation of the
workplace” (11), “the performance of less demanding work in production” (13) and “quality control in
production (self-control, interphase control)” (23). On the other hand, the relative improvement at the
competences with lower deficit was small: the smallest (about 10%) at competencies of “decision making
and conflict resolution” (2) and “communication” (7).

Figure 1. Share of grades 1 to 4 for individual competency before (B) and after (A) for Profile 1 (n=34)

At profile 2 (Joiners and operators of complex woodworking machinery and technological lines) 19
competencies were analysed (Figure 2). This profile represents the largest group of employees in
enterprises. At 14 competencies the level of achievement of grades 1 and 2 was less than 20% (at the
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competence “management of production department” (29) this share was even 0%), which shows a fairly
high level of competitiveness. On the other hand, at three competencies the share of grades 1 and 2
was higher than 60%. After the trainings at 17 competencies the share of grades 1 and 2 was lower than
20%. Rated employees got the lowest grades (a share of grades 1 and 2 was 100%) at competence of
“programming and management of CNC technology” (27), which quite improves by trainings, but the
share of grades 1 and 2 was still 50% at the end. The average relative reduction of grades with 1 and 2
was 37%. Again, it was the highest among those with the highest deficit.

Figure 2. Share of grades 1 to 4 for individual competency before (B) and after (A) for Profile 2 (n=266)

In profile 3 (Leaders of organizational units and groups in woodworking production) we analysed
the situation at 12 competencies (Figure 3). For half of these competencies the share of grades
1 and 2 was higher than 50% and the average share of grades 1 and 2 for all competencies was higher
than 50% as well. The share of grades 1 within the competencies with the deficit (grades 1 + 2) was the
lowest among all profiles (average share of grades 1 in total sum of grades 1 + 2 was less than 7%),
which means that most of competencies were at least partly developed. After the trainings the level of
achievement of grades 1 and 2 together decreased at all competencies (average relative reduction of
grades 1 and 2 was 65%, which was the largest decrease of all profiles). For half of evaluated
competencies the level of grades 1 and 2 was at the end less than 20%.

Figure 3. Share of grades 1 to 4 for individual competency before (B) and after (A) for Profile 3 (n=39)

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

2B 2A 5B 5A 6B 6A 7B 7A 11
B

11
A

14
B

14
A

15
B

15
A

16
B

16
A

17
B

17
A

18
B

18
A

19
B

19
A

20
B

20
A

21
B

21
A

22
B

22
A

23
B

23
A

27
B

27
A

29
B

29
A

30
B

30
A

31
B

31
A

Co
m

ul
at

iv
e 

sh
ar

e 
of

 g
ra

de

Competency No.

Profile 2

Grade 1 Grade 2 Grade 3 Grade 4

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1B 1A 2B 2A 3B 3A 4B 4A 5B 5A 6B 6A 7B 7A 23
B

23
A

24
B

24
A

28
B

28
A

29
B

29
A

90
B

90
A

Co
m

ul
at

iv
e 

sh
ar

e 
of

 g
ra

de

Competency No.

Profile 3

Grade 1 Grade 2 Grade 3 Grade 4



9th International Scientific Conference WoodEMA 2016
THE PATH FORWARD FOR WOOD PRODUCTS: A GLOBAL PERSPECTIVE

97

In profile 4 (Technologists, designers and constructors of wood products and furniture) we analysed
the level of achievement of the 25 competencies. Before the trainings, the development of competencies
rated with the share of grades 1 and 2 was lower than 20% at the eight competencies, higher than 50%
at six of them and even 88% at the competence “use of specialized computer tools” (42). After the
trainings the level of achievement of competencies improved (share of grades 1 and 2 decreased). Thus,
the share of grades 1 and 2 at twelve competencies was less than 20%. In the case of three
competencies the share of grades 1 and 2 stayed over or near 50% also after the trainings (“use of
specialized computer tools” (42), “creating programs for CNC machines” (40) and “assess the energy
efficiency of products (e.g. by thermography, making energy balances)” (45)).

Figure 4. Share of grades 1 to 4 for individual competency before (B) and after (A) for Profile 4 (n=57)

4. CONCLUSION

Competent employees are necessary to ensure competitiveness of a company and industry as a
whole. It is true also for wood industry, which has in recent years become less competitive, mainly
because of the inadequate competencies of employees. Employees can achieve their competence for
the specific job by education and training, which is an important part of organizational learning. Higher
level of achievement of competences leads to their increased motivation and greater efficiency and
quality of work. In our research we found that in the profiles 1, 2 and 3 the largest deficit was in the field
of “quality control”, both “general” (5) as well as “self-control” and “interphase control” (23), which
decreased dramatically by trainings (for more than 65%). Competence “preparation of the workplace”
(11), which is important only for the direct production workers (profiles 1 and 2), had relatively high deficit
in profile 1, while in profile 2 this was not so pronounced. Workers in profile 1 had a lower level of
education and probably need more stimulus and guidance to arrange the workplace. However, this
competency was significantly improved by trainings. Because of the nature of their work employees in
profile 3 and 4 have to cooperate well so they should have developed “teamwork” (4) competency. In
both profiles the level of achievement of this competency before the trainings was similar (share of
grades 1 and 2 was about 60%). In profile 4 it was improved by 30% after trainings, while in the profile
3 it was improved by almost 70% (this profile includes leaders of organizational units and groups in
woodworking production, who directly participate and allocate work). In addition, workers also had a
deficit on competencies related to the “management of CNC machines” (27, 40) and the “use of
specialized computer tools” (42) but there was some competence improved considerably.

It can be concluded that there was a positive effect of the organisational learning and trainings
organized within the project on raising the levels of competencies, and thus the deficits in these were
reduced. The results showed significant progress in almost all of the 42 analysed competencies. On the
whole, the share of deficits (grades 1 and 2) decreased by 52%, which is an excellent result.
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Appendix 1: A list of selected competencies for profiles 1-4 from the competency model for the
wood-industry

Original No. Competency
1 planning
2 decision making and conflict resolution
3 management and organization
4 teamwork
5 quality control
6 use of information and communication technologies and services
7 communication

11 preparation of the workplace
13 performance of less demanding work in production
14 basic maintenance of work equipment
15 use of production documentation
16 implementation of internal transport (e.g. pallet trucks, forklifts, cranes, etc.).
17 operating machinery in primary wood processing (e.g. machines or lines for cutting logs)
18 demanding machine processing of elements, assemblies, materials and products
19 complex composition and installation
20 management of production lines
21 product installation
22 maintenance, renovation and restoration of wooden products
23 quality control in production (self-control, interphase control)
24 quality control at the receipt / distribution stages (input / output control)
27 programming and management of CNC technology
28 implementation and management of the production process
29 management of production department
30 models and sample production
31 use of special processing techniques
32 technology-engineering production planning
33 operational production planning
34 technology-engineering products planning
35 planning efficient use of wood and other materials
36 preparation of production documentation
37 technology optimization and complex technological problem solving
38 development and design of wooden products and structures with a technical-technological point of view
39 development and design of wooden products and structures (design and structural aspects)
40 creating programs for CNC machines
42 use of specialized computer tools
43 monitoring legislation and / or standardization (related to their field of work)
44 measurements in the field
45 assess the energy efficiency of products (e.g. by thermography, making energy balances)
46 cooperation in restoring cultural and technical heritage made of wood
47 creation of surface treatment processes
48 testing materials and products
90 organization, management and supervision of the work in their field
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THE CONCEPT OF CASCADED USE OF WOOD IN SLOVAKIA

Parobek, J.; Paluš, H.

ABSTRACT

Wood is a multipurpose and renewable material that can be used sustainably for various purposes in different
sectors. At the present time new approaches such as cascading use of woody biomass is gaining increasing
attention to ensure the sustainable utilisation of renewable resources. The concept of cascading can help to
optimise the use of wood in the whole chain of its processing and utilisation. The aim of the paper is to analyse
and describe cascading use of wood in the primary wood processing industry in Slovakia and to outline ways to
increase efficiency of wood utilisation in the country. Using the production, trade and consumption data for the
sector in the year 2013 cascade coefficients are calculated.
Key words: sustainable wood production, cascade coefficient, wood, wood products

1. INTRODUCTION

A significant increase in logging can cause over extrapolation of the forest resources. Such situation
may raise serious concerns about the sustainable way of wood utilisation. Therefore, wood consumption
must be assumed and coordinated with the demand for traditional as well as innovative wood products.
A lot of studies (Raunikar et al. 2010, Bongiorno et al. 2011, etc.) assume increasing demand for wood
and non-wood products in the EU mainly due to an expected increase of energy consumption of the
renewable resources. As a result of growing demand in the future the increase in prices of energy wood
may have a negative impact on the prices of industrial wood. A price increase may consequently
decrease the competitiveness of the wood processing industry (WPI). These companies must continually
strive to improve or at least maintain their market share (Oblak, Glavonjić 2014). Competitiveness of
each sector depends on the process of restructuralisation and modernization of production facilities as
well as the process of specialization of production (Šupín 2013).

On the other hand, it is necessary to take into account the fact that the WPI also produces significant
amounts of wood residues (30-50% of the volume of processed wood), which can be used for energy
purposes. From this perspective, it is important to prefer outputs with higher added value, creating jobs
and contributing to a better carbon balance (resource efficiency). A different way of potential wood and
wood residues utilization in the value chain is described in the concept of cascading use of wood
products. Cascading use of biomass can be defined as multiple use of the wood from trees by using
residues, recycling (utilization in production) resources or recovered (collected after consumption)
resources (Sokka et al. 2015). The more often by products and recycling products are used the higher
cascade factor gets. The cascade principle means to use wood from forest in an effort to increase added
value of wood. It also means that wood should be primary used in the construction, furniture or other
products with a long life cycle and energy should primarily be generated from waste or recycled products.
In this sense we consider energy uses of wood as the least preferred way of utilization. The concept of
cascading use of biomass can be defined as cascading in function. It is actually co-production, which
can be achieved by using bio-refinery. Co-production is the production of different functional streams
(e.g. protein, oil and energy) from one biomass stream, maximizing total functional use. Of course, after
cascading in function, cascading in value or time follows. The cascading in time meaning that the life
span of biomass use is increased (e.g. paper recycling). Another approach can also be defined as
‘cascading in value’ meaning that the maximum value of the whole life cycle of biomass is gained through
optimizing the use of biomass for multiple services (Odegard et al. 2012).
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Slovakia belongs among the most forested countries in Europe with forest cover 42%. According
to the national statistic annual wood production in 2013 was over 8 million m3. The problem is the
proportion of incidental felling, which reached 3.2 million m3 (38.57% of total) which has influence on
wood supply. The WPI has processing capacities sufficient to process all harvested volume of softwood
in Slovakia. Nevertheless, the export of roundwood is three times higher than import. Tab. 1 describes
the variability of wood assortments between exports and imports. The share of top quality assortments
is almost 54% (mainly softwood logs with a share of 46.3%). On the other side of this balance imports
are dominated by lover quality assortments with a share of 66.4% of pulpwood (almost all non-
coniferous). At the present time the WPI consume about 6 million m3 of wood (except energy wood).
The increased demand for coniferous logs and broadleaves pulpwood is visible in Slovakia. The most
significant consumers are sawmills with a volume of 2.5 million m3 of processed wood. However, there
is a low level of production of wood products with higher added value, in particular veneers and plywood
and lacking production of soft and medium density wood based panels. The volume of best quality logs
processed is also low. The potential of a special quality logs that can be produced is about 40 thousand
m3 of coniferous wood and 260 thousand m3 of non-coniferous wood annually. In many cases, domestic
wood processing companies are mostly subcontractors of foreign enterprises. The exception is pulp and
paper industry with the capacity of 2.9 million m3 processed wood. It is the second most important sector
consuming wood and one of the most powerful sectors in the Slovak economy. A total of 11 big
companies cover 100% of paper production. The last but not least is the furniture industry as an
important consumer of wood. In 2013, this sector processed 876 thousand m3 of roundwood.

Table 1. Foreign trade of roundwood in Slovakia 2013

Wood assortments Export import
m3 % m3 %

Coniferous logs 1 444 000 46.3 78 000 8.5
Coniferous pulpwood 525 000 16.8 64 000 6.9
Non-coniferous logs 238 000 7.6 105 000 11.4
Non-coniferous pulpwood 455 000 14.6 549 000 59.5
Energy wood 460 000 14.7 126 000 13.7
Total 3 122 000 100.0 922 000 100.0
Source: ŠUSR (2015)

2. METHODOLOGY

Analysis of cascading use of wood is based on the methodology of the analysis of the wood
balance, which aims to establish balance between resources and the uses of wood. The quality of the
final wood resource balance depends directly on the quality and availability of data on wood production
and use in individual sectors. Empirical research and expert estimations based on the available
production data are commonly used to obtain the missing data. Under current conditions, wood resource
balance data can be compiled as a mix of officially published and empirically collected data. Official
statistics are available for highly concentrated sectors such as the pulp and paper industry. However,
certain sectors of the wood processing industry, such as the sawmill industry, are poorly concentrated;
thus, access to data is complicated (Parobek et al. 2014, Loučanová and Kalamárová 2014). The
resource side is represented by the production and import of wood, recycled material and waste from
the WPI. The paper focuses on the primary wood processing as a major producer of generates wood
waste. Flows of waste are used in different levels of wood processing (industry and energy sector). A
cascade analysis describes flows of wood focused on the identification and quantification of the waste
and roundwood use.
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The same approach has been applied in Slovakia. The flows of wood as raw material and flows of
wood residues as a waste from the process of wood products production were identified separately. The
flows of wood residues were complemented by recycled wood and paper (post-consumer material).
Wood as an elementary input comes from domestic sources (forest) and from the import. The production
of roundwood was analysed in the structure corresponding to the main groups of assortments in terms
of their use and quality (logs, pulpwood and energy wood). The concept of cascading is focused on the
domestic utilization and therefore it was necessary to estimate the domestic consumption (apparent
consumption).

Based on wood balance of the available resources and the description of wood flows it was possible
to describe and quantify cascading use of wood. Cascading use is defined as multiple use of wood from
the forest with wood residues from the forest industry. The more times the wood residues and by-
products are produced during industrial processing of wood the higher factor cascade gain. The sectors
of the WPI in Slovakia are interconnected. For example, the waste from sawmills is used for industrial
purpose (use in the production of wood base panels and pulp), as well as a source of energy (the
production of end products such as pellets or briquettes). It can be also used outside the WPI for the
production of energy in other sectors, heating plants and households. In case that the inputs to the
process is only roundwood without additional other sources, the cascade factor takes the value 1.00
(Mantau, et al. 2010).

3. RESULTS

In Slovakia main wood assortments are coniferous and non-coniferous logs and non-coniferous
pulpwood. These assortments represent more than three quarters of total wood production. The main
part of coniferous logs is consumed by the sawmill industry. In 2013, the total volume of produced
coniferous and non-coniferous sawlogs was 3.9 million m3, but taking into account the high exports
domestic consumption was over 2.7 million m3. In the processing of wood there is a high proportion
(approx. 40%) residues such as sawdust, chips, dust, etc. The highest quality logs for veneer (veneer
annual production approx. 19 thousand m3 per year) are produced on a small scale. Fig. 1 describes
the flow of wood waste and sawnwood in the processing of logs in sawmill operations.

Figure 1. Wood flows in sawmill operations
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Pulp and paper industry (woodpulp annual production approx. 700 thousand tons per year) and
production of wood based panels (particleboard annual production approx. 0.5 million m3 per year)
primarily use wood fibres. Those sectors focus on non-coniferous wood species. Currently the
production of pulp and paper is the second most important sector of wood processing in Slovakia with
the total output of almost 2.4 million m3 tons per year. Taking into account foreign trade (import) Slovakia
consumed more than 2.75 million m3 of pulpwood. Fig. 2 describes the flow of wood waste and pulp and
paper products in the processing of non-coniferous pulpwood in Slovakia.

Figure 2. Wood flows in pulp and paper production
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estimated almost 5.9 million m3 based on the balance of wood. Total cascaded coefficient of wood
utilization in Slovakia is 1.48. It means, that with a consumption of 5.9 million m3 of wood in Slovakia
the WPI returns about 2.8 million m3 in the form of waste and by-products back into the WPI, other
industries, energy producers and households.

Table 2. Cascade factors for the wood resource balance as a whole, and for the WPI

Utilizations factors Volume
(m3)

Cascade
factors

Consumption of roundwood in the SR 5 931 159 1.00
Biomass from forest for energy 772 570 1.13
By-products and waste utilize in the industry 780 000 1.13
Recycled material (paper) 1 010 1.00
By-products and waste utilize in the energy 1 927 430 1.26
Utilization of waste 2 707 430 1.42
Wood processing industry 781 010 1.13
Wood for energy 2 700 000 1.42
Total cascaded coefficient of wood utilization 8 639 598 1.48

Based on available data flows of wood waste cascading coefficients in different ways of utilizations
were determined.   However, there is a more significant difference in the value of coefficient in energy
sector compared to industry sectors. In other words, the coefficients indicate the orientation of utilization
of waste for energy purposes (cascade ratio represents a value of 1.42). In the WPI there is cascading
coefficient only 1.13.

3. CONCLUSION

Wood cascading considers complete wood using cycle and recognizing the differences in wood
flows. The concept of cascading can help to optimize the use of wood in the whole chain of its processing
and utilization in Slovakia. Results of the analysis can help in many innovations to increase the efficiency
of the cascade of wood processing.

The utilisation of wood is continually changing, and the demand for roundwood is changing
depending on the technologies and on the demand of final wood products. On one side, wood and wood
products production is subject to available resources and has been recently influenced by the high
proportion of accidental felling. On the other side, wood production tries to adapt to rapidly changing on
the market. The applied concept of cascading can describe the actual consumption of wood in various
forms. The outcome of the analysis of wood material flows and cascading concept in Slovakia go out
the balance between the resources and the primary uses of wood and wood residues. The analysis
describes in detail the relationships between resources (wood and waste), basic production indicators,
foreign trade relations, and the use of raw wood material and waste in the domestic conditions.

Acknowledgements: The authors are grateful for the support of the Development Agency, Grant APVV-14-
0869 “Research of the utilization of wood as renewable raw material in the context of green economy.”
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A PUBLIC VIEW ON ETHICAL PARTNERSHIP

Kaputa, V; Šupín, M; Kršáková, A.

ABSTRACT

Corporate social responsibility is a modern business concept, which takes into account not only economic
but also social and environmental interests of the company. The Technical Research Center of Finland has
created five imaginary stories of possible cooperation between a newspaper publisher and a paper company
regarding to the environment. Intention was to identify what kinds of activities of companies are considered as
responsible and what marketing tools should company use to present its environmental efforts. The consumers’
views on the environmental sustainability were collected utilizing an on-line co-creation platform OWELA. The
same survey was also carried out in the Slovakia. The result indicates that the readers would like to be identified
in sustainable actions as active partners instead of treating them as a passive audience.
Key words: ethical partnership, environmental responsibility, paper company, newspaper publisher.

1. INTRODUCTION

The pulp and paper industry is one of the largest sectors in the Slovak economy and it represents
the most developed wood processing sector in the country characterized by a high degree of geographic
concentration (Parobek, 2010; Šupín 2011). There are 11 companies in the sector that account for 100
% of paper production. The main pulp and paper mills are owned by transnational corporations and they
have undergone massive reconstructions including complete upgrades in production technology during
the past 15 years (Kaputa et al., 2016). The presence of globalisation is evident in the Slovak
woodworking industry for more than two decades. Moreover, this sector is strongly shaped by the
influence of the financial and economic crisis (Šupín 2011, Paluš and Parobek 2011, 2012). We can
assume that corporations can’t take the whole responsibility for the global problems and the current
crisis. They also can’t solve the global problems. The new model of cooperation among corporations
and the rest of the society is needed, it means the cooperation among stakeholders such as
governments, transnational corporations, NGO’s, communities etc. This new model could be based on
the strong and valid values (Dvořáček and Maťová, 2013). Environmental issues belong to the spectrum
of global problems and are sensitively perceived by final consumers of a wide spectrum of wood
products. Their awareness is also linked to the chain: forest-wood-paper. As far as companies realised
consumers’ environmental perceptions, they consider what kind of behaviour or marketing appeals
would be the best to communicate their environmental values. Kaputa (2013) surveyed Slovak wood
processing companies and most of them consider Slovak consumer as environmentally non-sensitive.
The companies did not assume there is a real demand for environmentally suitable wood products. In
spite of that fact, over 70 percent of companies claimed that they have perceived (in different ways)
changes in their customers’ preferences for environmental worthiness of wood products. Those changes
indicate formation of a new market segment.

Wood and wood products demand is derived demand in terms of the way how it is created and it
depends on the final wood products demand. At the same time with the wood products demand there is
a demand for the competitive products. In relation to wood as material the competitive products
(materials) take a position of substitutes. The main feature of the substitutive materials is that they can
satisfy the same needs and the buyers (purchaser) and consumers have the possibility to choose among
them according to their individual preferences. Preferences are typical for consumer markets. Significant
advantages of wood are its ecological characteristics and the ability of being sustainable renewable
(Paluš et al., 2012).
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The aim of the study is to assess what kind of activities (co-operation between a media house and
a paper company) would be perceived by non-expert stakeholders as environmentally responsible and
reliable.

Seisto et al. (2014) set up methodology of this paper and carried out study in Finland. The Finnish
participants found the ethical partnership between paper producer and media house a desirable concept,
although they were a bit sceptic about the included elements of the study. The prerequisites for credible
ethical partnership include: “True impact” (the actions for sustainability and social responsibility should
have a real impact; no green washing is accepted), “Noble motivation” (both partners should have a
clear role in their own strong areas for advancing sustainability; sponsorship is not enough) and
“Extensive definition of company responsibility” (credibility is required in all areas of company
responsibility). Finnish researchers (ibid) find out that the participants were most satisfied with the
concept which required active participation of readers/consumers and increased their knowledge and
understanding on a well-defined case concerning sustainability.

2. METHODOLOGY

The study was conducted in VTT Owela platform (Open Web Lab developed by Technical Research
Centre of Finland). Owela is used as a virtual living lab to carry out the study. The narratives and part of
the Owela platform were translated and fully available in Slovak language. The participants were invited
to the on-line workspace to share ideas, discuss and give feedback about the concepts of ethical
partnership. Five short narratives describe co-operation (partnership) between a paper company and a
media house. The aim was to recognize the most suitable way for ‘ethical partnership’ what included
mainly actions targeting to environmental sustainability, but also actions concerning social responsibility.
The main issue was about how a paper producer and a media house may work together towards a
common goal of sustainable print products and how the consumers respond to the co-operation. The
core messages of the narratives (not full narratives) are presented below (Seisto et al., 2014):

1) Eco-label: Ecological values and especially biodiversity were underlined. The producer of
magazine paper has committed to protection of certain species, which is informed with a
particular eco-label and short information text.

2) Common event: Newspaper publisher owns a woodlot in a forest owned by a paper company.
The companies arrange informative reader excursions to the woodlot together.

3) Symbolic eco-act: Small acts targeted to improve our own environment: a paper company
donated plants for a magazine, which planted the trees with the readers in order to diminish
CO2-load.

4) Information channel: Acts of company’s social responsibility included in a journal article: Main
theme in the magazine issue is travelling in Brazil. In a portrait is presented a teacher, who
started his studies in a Brazilian school founded by a paper company.

5) Common campaign: Tour for collecting electronic waste: information about the environmental
load of electronic devices available in publisher’s magazines, also lot of information about the
tour.

Majority of the Slovak participants were university students (Master studies). Registered persons
were asked to participate on the project and express their opinions / attitudes towards narratives. There
were 25 persons registered to the project. 20 of them were actively engaged to the discussion which last
4 weeks and resulted in 96 comments.
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3. RESULTS

Demographic characteristics of the Slovak participants’ sample describe Table 1. Primary group of
Slovak users were young people (under 30 years old, university students).

Table 1. Sample of active participants (n = 20)

Gender
Women 14
Men 6
Age
< 30 years old 17
30-40 years old 2
40-50 years old 0
50-60 years old 1
> 60 years old 0

The qualitative study brought an interesting discussion about the message of individual narrative.
The most positive feedbacks had the narrative describing common campaign. It is considered as eligible,
believable, achievable and needful. Afterwards, symbolic eco-act followed by common event were
assessed positively too. The narratives information channel and eco-label exuded negative reactions as
they have only information character and do not require active participation. Moreover, these two
narratives were considered for unrealizable, mistrustful and unclear.

Table 2 introduces frequency of positive and negative comments as well as frequency of comments
expressing both – positive and negative – evaluation of the individual narratives.

Table 2. Comments’ evaluation

Narrative Positive
+

Negative
-

Both
+/-

Number of
comments

Order

Eco-label 2 12 6 20 5.
Common event 15 3 1 19 3.
Symbolic eco-act 16 0 3 19 2.
Information channel 4 12 2 18 4.
Common campaign 19 0 1 20 1.
Total 96

Common campaign as the most positively assessed narrative is considered for very useful,
interesting, effective, believable and realistic. The narrative combines ability to inform, presents recycling
and has real impact on environment. Many participants would even shift it further and suggested various
ways as “to encourage the readers to recycling by competition. For example, when they take a picture
of themselves with electronic waste and send the photo (or add and tag it on FB / Instagram) it can be
published in the magazine and the most interesting photos will receive a small reward.” or not just to
collect the electronic waste, but “start to intensively communicate what the environmental load brings
this waste and not buy such amount of electronics”. Others emphasized the importance of information
spreading: “Many people do not come to idea to protect our environment by themselves, if they were not
leaded to it. Those who have not this idea will hardly take into account recycling. It is also good to know
what kind of readers magazine has since it plays a role if right information achieve right target group.
Anyway, I guess that people who read the magazine are at least motivated to act.”

Symbolic eco-act concentrates on consumers’ activation to co-operate. An idea to involve
employees of magazine and readers for small good deeds on voluntary base was very prized.
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Participants noted that this idea is “like teambuilding – funny and strengthen relations. Moreover, it is
beneficial for environment”. Some noted that the magazine as mass medium “should promote such
activities to motivate others”. There were also critical attitudes:
“I like the idea of symbolic eco-act, but it is hypocritical regarding paper’s company – they donate trees
planting to cut them down few years later.

Common event has informative character. The participants appreciated its educational character
because: “if we know something deeper it could influence our decisions and habits (environment
protection, buying recycled paper)”. Some participants like the idea, but criticized involvement of paper’s
company quoting a fact that the woodlot will be cut down finally for a production purposes: “Do they
show them (during excursion) areas after clearcutting?” or “The same people should be taken to the
same part of the forest a few years later to see what really happen with this forest. It should show how
enterprises affect on the forest.”

The narrative information channel combine elements of information providing and presentation of
sustainable actions of partners’ companies. The participants were quite skeptical assessing this story,
though identified some positive elements. The narrative was incomprehensible, poorly described and
the issue has not been understood for many participants. The most mentioned deficiencies included a
lack of clarity, lack of information about the environment and vice versa abundance of information about
travelling, which ultimately does not sound ecologically. The participant with indifferent comment: “I like
presentation of common Brazilians’ life, but it is also indirect presentation of a Finnish company”.

Most negative emotions evoked narrative eco-label, which as well as the narrative information
channel combine elements of information providing and presentation of sustainable actions of partners’
companies. There were only 2 positive (within overall 20) comments: “It is very important that the one
who takes also gives back. If the company cares also about animal of the forest and reduce the impact
of its activities, so I see it as a good step.” Some comments assess the idea as “good but unreal”. It
refers to an issue how to prove that a woodpecker is really protected. Moreover, long-term observing is
needed to see results. Negative comments relate to non-conceptual approach (“protection of only a one
kind”) and definitely non credibility of the narrative (“How to protect a woodpecker after forest will be
harvested?”).

4. CONCLUSIONS

It could be concluded that active participation of public is considered for the most suitable way how
to present ethical partnership (environmental responsibility) of a publisher and a paper company. The
participant emphasized increase of knowledge and better understanding in case of involve them into
sustainable actions. Posing readers/consumers to a passive role brings less trustful, rather sceptical
assessment of any actions performed by business partners. The example is the narrative about an eco-
label perceived as non-credible. Generally, number of commercially used eco-labels and declarations
(often not certified) brings vague information for end-users. Consecutively, they tend to ignore them or
consider them as a kind of greenwash.

Common campaign is the most positively assessed narrative. The activity is perceived by majority
as “very good idea”, effective, believable and realistic. Although the role of a paper company in the
narrative is not clear, this kind actions should be utilise as trustful demonstration of the corporate
responsibility and ethical partnership between a publisher and a paper company.

Analysing qualitative results could be concluded that volume of paper production and consumption
is sensitively perceived in society due to presumed environmental consequences. It is connected to an
opinion of individuals that paper production caused clearcuts through higher demand for roundwood. It
was soundly presented by some participants in their comments to certain narratives.

The narratives represent just a part (though extended) of the communication tools spectrum.
Topinnen and Hänninen (2013) studied an emerging phenomenon of the social media application to
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communicate corporate responsibility as well as build corporate legitimacy and stakeholder trust in the
global pulp and paper industry. This phenomenon despite of its short existence gained popularity for
making stakeholder communication easier and more interactive. Thus, further research is needed to
better understand stakeholders’ needs (suitable for society) and build trustful relations between public
and business subjects

Acknowledgements: The authors are grateful for the support of the Scientific Grant Agency of the Ministry
of Education, Science, Research and Sport of the Slovak Republic and the Slovak Academy of Sciences,
Grant No. 1/0756/16 Identification of consumers' segments according to their affinity for environmental
marketing strategies of businesses entities in Slovakia.
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EFFECTS OF THE GREAT RECESSION ON PRIMARY AND VALUE-ADDED WOOD
PRODUCTS INDUSTRY SECTORS: A CASE STUDY IN LOUISIANA, USA

Vlosky, R.; Abhishek, B.

ABSTRACT

In 2008 and 2015, matched studies were conducted to identify changes in the Louisiana primary and
secondary wood products industries. Specifically, the objective was to see if these sectors had recovered from
the economic recession of 2007-2008. Results show that from 2007 to 2014, the number of Louisiana primary
mills was estimated to have declined 21.5% from 200 to 157 and the number of Louisiana secondary mills
estimated to have declined 22.5% from 458 to 354. As housing starts recovered, the percent of remaining
softwood and hardwood lumber mill respondents producing these products increased 49% and 46%, respectively.
Total full-time employment in the primary sector is estimated to have declined 17% and part-time employees
declined 85% over this period. In the secondary sector, production of key products was essentially unchanged.
Part-time employment declined 26% but full-time employment increased 9%, likely due to the strength of the repair
and remodel sector which actually surpassed single-family housing starts as the number one demand sector for
lumber in 2015.
Key words: recession, wood Products, Louisiana, primary sector, secondary sector

1. OVERVIEW

Throughout the human history wood has played an important role due to its wide range of utility and function.
Wood has been used in as material for fuel, transportation and shelter.  Lumber obtained from wood may have
been the most important product after fuel. The technological innovations during the industrial revolution
dramatically increased sawmilling efficiencies and improve lumber product quality.

Solid wood products can be classified further into primary and secondary wood products. Primary products
are produced directly from raw timber input. Examples include chips, lumber, veneer, plywood and their by-
products. Secondary products use primary products as input for re-manufacturing. Secondary wood products
industry includes furniture, cabinetry, flooring, millwork, pallets, and railroad tie manufacturing (Vlosky and
Chance, 2000).

1.1 Primary wood products in the U.S.

Historically, primary wood products industry in the United States has relied on homebuilders and
repair/remodeling contractors as its target customer base. Timber production in the southeastern United States
has grown in absolute and relative terms to other regions of the country since the 1970’s. At the turn of the twenty
first century, the South produced about sixty percent of all wood products in the US . The US is a large net importer
of softwood lumber and the majority of lumber imports are from Canada. In the twentieth century, primary wood
processing/lumber producing industry has increased its wood utilization rate from 25-30 percent of the log to over
50 percent of the log (Wagner and Hansen 2005).

The North American sawmilling industry has been traditionally commodity product oriented. The firms have
focused on producing at the lowest cost and improving processing efficiency (Knowles and Hansen, 2008). With
increasing globalization and foreign competition North American sawmilling industry has struggled to remain
competitive.

According to U.S. Federal Reserve Economic Data (FRED), seasonally adjusted annual housing starts in the
U.S. reached a peak of 2.2 million in the 2005-2006 period (Figure- 1). At this time, the wood products industry
was extremely healthy with record production and employment. However, the “Great Recession” of 2007-2008
marked two consecutive years of significant reductions in housing starts, severely harming U.S. forest products
sector, both primary and secondary. Housing starts have never fully recovered and are hovering around one
million starts annually.
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Figure 1- U.S. Housing Starts 2000-2016 (Q1)

Exports of wood products from the United States have seen an upward trend in the last decade. However,
as compared to value of wood products imports, the value exports is much smaller. During recession value of
exports declined to around $4 billion, however the exports reached its highest level to around $7.5 billion last year.
The potential for substitution between timber and other materials depends upon the level of technology and
relative prices of alternative material inputs.

1.2 Secondary wood products in the U.S.

As with most of the secondary wood products industry in the United States, wood furniture production is
characterized by a large number of small firms using labor-intensive operations while incurring high raw material
and transportation costs. The wood product manufacturing is one of the important manufacturing industries in the
United States. In 2003 the U.S. wood industry employed over half a million people (U.S. Census Bureau 2005).
In 2003 it accounted for approximately $5 billion of exports, while in  2014 the wood product exports reached
around $7 billion (U.S. Census Bureau 2015). Even though the U.S. wood industry has remained competitive it
has been facing increasing competition from offshore producers in recent years. Packing and shipping innovations
such as ready-to-assemble and knock-down furniture have helped accelerate the trade. Emerging Asia-Pacific
and South American countries have been increasing their exports to the U.S. Wooden furniture imports to the US
have been increasing steadily over the last few decades. In 2014 wooden furniture imports were the highest since
the U.S recession with the value of wood imports at over $33 billion (U.S. Census Bureau, 2015). For hardwood
products manufacturers, raw material cost accounts for more than 50% of total production cost (Pirraglia et al.,
2009).

1.3. Louisiana

Louisiana’s forest sector followed this sharp contraction in the national economy that began toward the end
of 2007. From 2007 to 2008, total sawlog harvest decreased by 326 million board feet (29%) to a cut of 970.9
million board feet; pine sawtimber harvest decreased by 30%, to a total statewide harvest of 833.2 million board
feet, and hardwood sawtimber harvest fell 21% to 137.7 million board feet. Forests cover 14 million acres or
almost half of Louisiana . Forests are Louisiana’s No. 1 agricultural crop both in terms of gross income and value-
added processing. The harvest of timber and allied downstream impacts, contributed $11 Billion in 2012 to the
state economy (LSU AgCenter 2015). The solid wood forest products industry consists of approximately 450
enterprises (Louisiana Forest Products Development Center, 2015).
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2. THE STUDIES

In an effort to provide information to Louisiana forest industry members, policymakers and other
stakeholders, the Louisiana Forest Products Development Center has periodically conducted primary and
secondary wood products industry surveys for the past 20 years to identify salient issues, challenges, and
opportunities. In 2008 and 2015, a pair of matched studies was conducted to identify changes in the Louisiana
primary and secondary wood products industries. Specifically, the objective was to see if these sectors had
recovered from the economic recession of 2007-2008.

2.1. Methodology
Using a directory of Louisiana wood products industries compiled by the Louisiana Forest Products

Development Center (2015), a census of primary primary and secondary solid wood products companies were
surveyed Studies were conducted of Louisiana’s wood product sectors in 2007 and 2014.

The studies were conducted using mailed surveys. Survey development and implementation generally
followed methods and procedures recommended by Dillman and described as the Tailored Design Method (TDM)
(Dillman, 2000). Accordingly, the survey process included a pre-notification postcard, first survey mailing, a
reminder postcard, second mailing and, because response rates were not what we expected after two mailings,
a third mailing. The questionnaires was pretested with 5-10 wood products manufacturers and revised before the
final mailing. Personalized cover letters accompanied the questionnaires were signed by the principal investigator
and were addressed to companies/mills by name and address.

After accounting for undeliverable surveys and unusable returned surveys, in 2007, 658 surveys were
sent with a response rate of 14%. In 2014, 511 surveys were sent with a response rate of 19%. The respondents
were not necessarily the same between the two years, and no paired comparisons were made. The response
rates  were  lower than we have experienced in past years.  Although Jones and Lang (1980) point out that
increasing the response rate does not necessarily improve the precision of survey results, we feel the results can
be considered as being exploratory (Adams, 1986, Hochstim, 1967).

Walonick (1993) believes that most researchers view non-response bias as a continuum, ranging from
fast responders to slow responders (with non-responders defining the end of the continuum). Research has shown
that late respondents typically respond similarly to non-respondents.  Accordingly, second mailing respondents,
as a proxy for non-respondents, were compared to first mailing respondents to test for non-response bias (Donald
1960).  Of the 54 comparable variables, differences was detected at =0.05 for four variables (7 percent).

3. RESULTS

3.1 Primary products

Figure 2 shows the percent of respondents manufacturing primary products.  Multiple responses were
possible as some companies are diversified and produce more than one product. Softwood lumber is the highest
ranked product in both periods. The depressed housing markets accompanied a decline in softwood lumber
production in the U.S.; however, this rebounded in the subsequent seven years as housting starts rebounded.

The same pattern exists for hardwood lumber and softwood plywood, both tied to housing construction
and downstream value-added products that are used in new housing.
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Figure 2- Louisiana Primary Products Sector (2007:n=29; 2014:n=23)

For the primary sector, the total number of part-time employees is estimated to have decreased 85 percent
while full-time employees decreased almost 17 percent indicating that this sector has not rebounded from the
recession (Figure 3).

Figure 3- Louisiana Primary Products Sector (2007:n=29; 2014:n=23)

Companies in each sector were asked if they planned to increase employees over the next year. In 2007,
for the primary sector, 33 percent of respondents said yes with an average increase per company of eight
employees (Figure 4). In 2014, the percent of companies saying yes declined to 27 percent, but the average
number of employees anticipated to be added per company, on average, was 13. This suggests a mixed sentiment
of whether the housing economy will increase or not.
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Figure 4- Louisiana Primary Products Sector (2007:n=29; 2014:n=23)

Respondents were asked reasons they did not have plans to increase employees over the subsequent
five years. For the primary sector, in 2007, the main reason was “Lack of Markets,” which corresponds to the
decline in housing starts (Figure 5). However in 2014, the main reason was “Workmen’s Compensation Costs”
followed by “Can’t Find Adequate Labor.” With layoffs in the sector, many past employees went on to other careers
or retired.

Figure 5- Louisiana Primary Products Sector (2007:n=29; 2014:n=23)

Finally, respondents were asked what the challenges were for their companys' success (Figure 6). Every
possible challenge was worse in 2007 with the recession (national economy) being the most significant challenge.
Getting consistent raw materials was also significant as many forest landowners shifted logs to overseas markets.
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Figure 6- Louisiana Primary Products Sector (2007:n=29; 2014:n=23)

3.2 Secondary products

Respondents in the secondary industry manufacture a wide range of value-added products (Figure 7). In
this case as well, multiple responses were possible. Cabinets were the main produced in 2007 with 69 percent of
respondents, followed by molding and millwork (47 percent). The types of producers did not change as
dramatically as in primary products with the exception of furniture which saw an increase from 28 percent of
respondents to 40 percent.

Figure 7- Louisiana Secondary Products Sector (2007:n=51; 2014:n=44)

For the secondary sector, part-time time employees are estimated to have decreased 26 percent with full-
time employees increasing nine percent (Figure 8). Although the secondary sector is tied to new housing starts,
it is possible that manufacturers have either developed new markets or have shifted production to the repair and
remodel demand sector.
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Figure 8- Louisiana Secondary Products Sector (2007:n=51; 2014:n=44)

The percent of companies that indicated plans to increase employees over the next year declined from
38 percent in 2007 to 27 percent in 2014. In this case, a concurrent decline in the anticipated average number of
employees to be added declined marginally as well between 2007 and 2014 (Figure 9).

Figure 9- Louisiana Secondary Products Sector (2007:n=51; 2014:n=44)

Secondary respondents were also asked reasons they did not have plans to increase employees over
the subsequent five years. In 2007, the main reason was “Lack of Markets,” which again, corresponds to the
decline in housing starts (Figure 10). However in 2014, the main reason was “Can’t Find Adequate Labor” followed
by “Workmen’s Compensation Costs” and “Wages Required to Hire New Employees”.
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Figure 10- Louisiana Secondary Products Sector

As was the case with the primary products manufacturers, secondary manufacturers identified the
National Economy as the most significant challenge in 2007, also followed by raw material issues (Figure 11).
International Competition and Energy Prices were also significant but declined in importance dramatically in 2014.

Figure 11- Louisiana Secondary Products Sector (2007:n=51; 2014:n=44)

4. SUMMARY

The recession had a negative influence on Louisiana’s primary and secondary wood products sectors.
The number of mills in each sector declined by over 20%. Full-time employees in the primary sector declined
almost 17% due to strong link to housing starts. The secondary sector increased by 9%, suggesting less of a
linkage to starts. In 2008, “Lack of Markets” was the most significant barrier to hiring new employees in both



9th International Scientific Conference WoodEMA 2016
THE PATH FORWARD FOR WOOD PRODUCTS: A GLOBAL PERSPECTIVE

121

sectors; in 2014 cost issues became more important. The National Economy was a significant Barrier to Success
for both sectors but has declined in importance in 2014. Both sectors are still facing challenges and will continue
to do so until housing starts increase and the housing economy stabilizes.
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CSR, BUSINESS AND MARKETING AND INNOVATION IN FOREST POLICY AND
SUSTAINABILITY IN THE FOREST-BASED MARKETS WITH STAKEHOLDERS

Hyytiä, A.

ABSTRACT

In the value chain, forest products represent opportunities in the competitiveness and sustainable
development. The role of certification in the sustainable development internationally and nationally is
significant. Forest certification belongs to the green communication. Synergy between the policies is
highlighted in the European Union. Innovations and quality are important in competitiveness. Private
investments and stakeholder collaboration are highlighted in the EU Bio-economy Strategy. CSR is in a
remarkable role enhancing the sustainable development and competitiveness in the policy framework.
This is a qualitative research based on literature.

Key words: Forests and forest products, Sustainable development, CSR, Business, Marketing,
Innovation, Competition, Policy

1. THEORETICAL FRAMEWORK

Stakeholder theory is a profitable tool in the Corporate Social Responsibility, CSR. The CSR
has developed as a globally accepted wide concept and cooperation approach in which climate change
framework and sustainability issues can be discussed. (Wang, Lei and Juslin, Heikki 2011) The roles of
innovation and sustainability can be accentuated in the bioeconomy and the forest sector. The role of
business has extended in the concept of Corporate Social Responsibility, CSR. A specific policy setting
has a demand. (Kleinschmidt et al. 2014) Overall, sustainable development orientation is seen
preferable for corporations the outcome of which is corporate responsibility with strong sustainability.
(Heikkurinen, Pasi and Bonnedahl, Karl Johan 2013). Sustainable Market Orientation offers the potential
for remarkable benefits for primary and secondary stakeholders of a corporate (Mitchell et al. 2010).
Market driven demand for forest certification schemes in a corporation is found significant (Tuppura,
Anni et al. 2015)

Private sector can have an important role in resource supply providing opportunities for
competition (Schmithüsen et al. 2014, p. 58) Certification is a good example of a market pathway
influencing policy making. (Cashore et al. 2014) Certification schemes can enable to regulate markets
(Bernstein, Steven and Cashore, Benjamin 2012).
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2. SUSTAINABLE DEVELOPMENT IN BUSINESS AND INNOVATION WITH RESOURCES AND
POLICY INTERNATIONALLY

Corporations have a role in the sustainable development, responsible business, innovation and
collaboration (Agenda 2030: the Sustainable Development Goals 2015). European Union has a strategy
on the CSR which is the European Commission Strategy on CSR. The EU Commission is managing the
CSR in cooperation with stakeholders. (Growth – CSR 2015).

CSR with responsable business has a significant role in the sustainable development
(COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL,
THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS
A renewed EU strategy 2011-14 for Corporate Social).

Customer point of view is significant; international understanding of service-related demand by
customers is significant (Toivonen, Ritva 2011). International competition is challenging and there are
substitutive products. Targeted marketing and branding are highlighted. (Tokarczyk, John and Hansen,
Eric 2006)

Europe's Bio-economy strategy in 2012 strives for innovations and enhancing stakeholder
engagement as well as markets and competitiveness (The Bioeconomy Strategy 2012). In the
sustainable development in the forest sector with stakeholders, there are promising opportunities in the
green economy and bio-based products and economy (Forest Products Annual Market Review 2012-
2013).

European Union pursues to the sustainable development in trade in the EU and globally. Trade
policies and agreements have an important influence on the economy, as well as social and
environmental aspects, including policy development and regulatory aspects. (Trade – Sustainable
development 2015)

Forests in the European Union are subordinated to national laws and international commitments
in the strive for the sustainability. Sustainable forest management can be secured by certification.
(Growth – Internal Market, Industry, Entrepreneurship and SMEs – Sustainable Forest Management
2015).

3. ROLE OF CORPORATIONS

Forest certification with the chain-of-custody (CoC) certification will be a prerequisite for market
access. It represents ethical trade and social responsibility and has a role in combating climate change.
It is a soft policy instrument promoting the sustainable forest management and consumption of forest
products. Certification and labelling are innovative policy instruments. With the sustainable forest
management it conforms the green economy policy. (Muthoo, Maharaj K. 2012)

“Forests in the ECE Region - Trends and Challenges in Achieving the Global Objectives on
Forests” highlights the role of the EU FLEGT and VPAs in promoting sustainable production and use of
forest products and attaining sustainable forest management. Framework of carbon stocks and
preventing deforestation in the tropical forests are highlighted. Certification schemes are instruments of
the private sector. They contain standards for sustainable forest management, audits by the third-party
in the forest management, chain-of-custody and product labelling. (Forests in the ECE Region - Trends
and Challenges in Achieving the Global Objectives on Forests 2015)

The EU Action Plan for Forest Law Enforcement, Governance and Trade (FLEGT) in 2003
includes a process and plan of the European Commission proposed to the widening problem of illegal
logging and trade related to it. It develops multilateral collaboration and covers dialogue with countries
producing and consuming wood and involves measures that are proposed to promote private sector
initiatives in the forest sector striving for legal timber. (COMMUNICATION FROM THE COMMISSION
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TO THE COUNCIL AND THE EUROPEAN PARLIAMENT FOREST LAW ENFORCEMENT,
GOVERNANCE AND TRADE (FLEGT) PROPOSAL FOR AN EU ACTION PLAN 2003).

It is expected that combating illegal logging by the Regulation contributes to the European
Union’s efforts in climate change mitigation complementing a commitment in the framework of the United
Nations Framework Convention on Climate Change (Regulation [EU] No 995/2010 of the European
Parliament and of the Council of 20 October 2010 laying down the obligations of operators who place
timber and timber products on the market 2010).

The certification by the third-party organisation with assessment and accreditation process
according to standards of the ISO is highlighted (Guidance document on the EU timber regulation 2016).

EU Timber Regulation’s significance can be accentuated in the value chains in the forest sector.
Green practices and communication are highlighted. (Holopainen, Jani et al. 2015)

4. CONCLUSIONS

Corporations have significant and multiple roles in the CSR and in sustainable development.
Forest certification and the CSR with Forest Law Enforcement, Governance and Trade FLEGT
Regulation and legality of timber and timber products give a new role for stakeholders and companies
in markets. Stakeholder collaboration may enhance the policy framework. Green communication is in a
significant role. Forest Law Enforcement, Governance and Trade FLEGT can give a response to the
CSR and stakeholder approach in the forest-based sector in the sustainable development framework. It
has significance for national and international markets and the sustainable development framework. It
links to the competitive markets. By sustainable forest management and forest products, the green
initiatives can be in a sustainable green communication framework represented by stakeholders.
Enhancing business and competitiveness with sustainable goals with stakeholders can meet the goals
of green policies and strategies.
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CSR AND LEGISLATION FRAME IN THE SLOVAK REPUBLIC

Dvořáček, J.; Dovčíková, A.

ABSTRACT

The article deals with the issue of the CSR of a wood processing company in parallel with the
current legislation in the Slovak Republic. It is based on the premise that if the company conforms to the
current legislation, it still does not mean that it acts socially responsibly. The analysis describes the most
fundamental laws and regulatory standards affecting business of wood processing companies and
consecutively is determined legislation frame of CSR in the Slovak republic.

Key words: Corporate Social Responsibility, legislation, regulatory standards, wood processing company

1. INTRODUCTION

At the present time the CSR topic can’t be regarded as an entirely new, but it certainly can be
regarded as still highly topical in any sector of the national economy. Many companies in their public
announcements declare business in accordance with the principles of CSR, but in many cases it is often
referred to the compliance with current legislation and not about the CSR. The definitions of CSR
emphasize voluntariness and implementation of activities that go beyond the current legislation.
European Commission in Green Paper (2001, p. 6) defines CSR as an initiative based on the "voluntary
integration of social and environmental considerations into everyday corporate activities and interactions
with company stakeholders." A brief, but very appropriate characteristics of CSR mentioned Trnková
(2004, p. 9), which states that "the concept of CSR is characterized by providing of added value and
implementation of management visions that go beyond the current legislation". The company that only
complies with the law can’t be considered as socially responsible, although many companies are
presenting their selves like that. This phenomenon, however, can be seen as a problem of CSR globally
and not only in the Slovak Republic. Equally, we can still meet the opposite situation that companies
voluntarily carry out activities beyond the law, but they absolutely do not inform about their actions, nor
their stakeholders and even the general public. The main reason is persistent ignorance of CSR.
According to a survey by KPMG in 2015, to 92% of the 750 largest companies in the world publish
reports on CSR. Overall, about sustainability informs 73%, while in 1993, do so only 13% of companies.
The Slovak companies are far behind; in 2015 published a sustainability report only 45% of companies
(Furik, 2016). It also reports about the low awareness of CSR among Slovak entrepreneurs, including
forest industry.

The aim of this article is to describe the institutional conditions for CSR in the Slovak Republic
and the basic legislative framework affecting business of wood processing companies with regard to the
three areas of CSR: economic, social and environmental.

1.1. Importance of forest industry for the Slovak economy

Forest industry is one of the sectors in which the Slovak economy may at least partly influence
European markets with maximum utilization of its own resources. There is an effort to increase added
value and to support domestic consumption of wood commodities. This effort and development of forest
industry depends on society-wide interest in the broad context as well as in the narrow context on
different stakeholders entering the wood product chain. The wood market in Slovakia is always
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developing, and the demand for roundwood is changing depending on the possibilities of its use. There
are many specifics influencing production and consumption patterns. On one hand, timber production is
subject to available resources, which are the result of long-term forest management and long-term
planning, on the other hand, timber production tries to adapt to rapidly changing market conditions and
the requirements of wood processing sectors that vary over a relatively short period of time (Parobek et
al. 2014). At the present time, besides pulp and paper industry, forest industry producing higher added
value e.g. (final wood commodities such as furniture, wood construction, etc.) is, in many cases, still
unable to compete on the European market. Therefore production and export of wood and semi-finished
products is important part of income for the Slovak forest industry (Parobek et al. 2016).

1.2. Institutional conditions for CSR in the Slovak Republic

In the Slovak Republic does not have the strategy for CSR a form of a separate document, but
is a part of the National Strategy for Sustainable Development. This strategy is based on Agenda 21 -
the program document of the United Nations. The National Strategy for Sustainable Development
defines the strategic objectives and long-term priorities in the field of sustainable development for
conditions of the Slovak Republic, defines sustainable development, its principles and criterions. It is a
framework document, which essentially identifies opportunities of the Slovak Republic in the field of
sustainable development, characterizes the situation in the various areas of sustainable development
and defines the fundamental starting point. The individual areas and priorities for sustainable
development have been developed also in the Competitiveness Strategy of the Slovak Republic until
2010 - the Lisbon Strategy for Slovakia and in the National Reforms Program of the Slovak Republic in
chronological succession from 2006 to the present. This document reflects mainly a way to establish
and then to maintain a stable macroeconomic environment and improvement of the business
environment. It is dedicated to aspects of smart growth and social inclusion and there are also mentioned
the basic aims of sustainable development. National strategy of sustainable development is elaborated
in the Sustainable Development Action Plan, which is evaluated annually (Fifeková et al., 2011).

The national authority which ensures the coordination of tasks of sustainable development was
until March 2011 the Council of the Slovak Government for Sustainable Development. During its
existence was the coordination, advisory and initiative body of the Slovak government for issues
concerning the implementation of Agenda 21, the Millennium Development Aims and the Johannesburg
Plan of Implementation and European Union policies, mainly the initiatives and programs contributing to
the policy of sustainable development, the Lisbon strategy, the European Union and national sustainable
development strategy nationwide. In 2011 the Council of the Slovak Government for Sustainable
Development was canceled and all of its competencies passed to the newly created Ministerial Council,
which represents the ministerial consultative, advisory, initiative and coordination body of the Slovak
Government (led by the Prime Minister). This change greatly narrowed the competence of the authorities
in the field of sustainable development (Fifeková et al., 2011).

The situation in the coverage of the CSR agenda and Sustainable Development in the Slovak
Republic can not be considered satisfactory.  In this area is not visible any qualitative movements
towards improving of conditions. The takeover of the Sustainable Development problematics by
Ministerial Council (March 2011) on the one hand evokes the impression that Sustainable Development
problems has more attention and these problems are completely covered from one place. But on the
other hand, in the terms of fiscal consolidation may be the objectives of sustainable development
postponed or replaced by marginalized stabilization objectives, what greatly decreases possibilities of
implementation of projects and activities, especially environmental. Negative can be perceived also the
fact that within the government is not formed an independent body that would have the competence for
CSR (Fifeková et al., 2011).
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1.3. Legislation frame of CSR in the Slovak Republic

The basic legal framework of CSR in Slovakia is given by the Constitution, which guarantees the
rights of national minorities and ethnic groups living in the Slovak Republic, the application of democratic
principles and approaches, rights, freedom and justice, and defines the Slovak Republic as a socially
and ecologically oriented market economy. All laws that are accepted in the Slovak Republic must
comply with the Constitution (Fifeková et al., 2011).

The legal framework for CSR is primary related to term business that is in the current legislation
defined by the current version of § 2 of the Commercial Code as " systematic activities, which are
independently conducted for the purpose of making a profit by an entrepreneur in his own name and at
his own responsibility".

The business, respectively its variation, is in the Slovak Republic based on the following legislative
provisions:

• Act. 513/1991 Coll. as amended Regulations- Commercial Code,
• Act. 455/1991 Coll. as amended Regulations- Trade Act.

Other laws that the entrepreneur is obliged to follow are (regardless of the type of business):
• Law on Accounting,
• Law on Income Tax
• Health Insurance Act,
• Social Insurance Act.

1.3.1 Economic area

Economic area of business covers the following laws:
• Act. 513/1991 Coll. Commercial Code as amended,
• Act. 455/1991 Coll. Trades Code, as amended,
• Act. 40/1964 Coll. Citizen Code, as amended,
• Act č.431 / 2002 Coll. on Accounting, as amended,
• Act. 530/2003 Coll. on the Commercial Register, as amended,
• Act. 136/2001 Coll. on Protection of Competition, as amended,
• Act. 595/2003 Coll. on Income tax, as amended,
• Act. 211/2000 Coll. Freedom of information
• Act. 250/2007 Coll. Consumer protection
• Act. 25/2006 Coll. on Public Procurement, as subsequently amended,
• Act. 561/2007 Coll. on Investment aid, as subsequently amended.

The largest amount of duties of the Slovak entrepreneurs is covered by Commercial Code. Every
entrepreneur whether registered in the Commercial Register, or not, is obliged to keep accounts truthfully
and honestly and pays the state compulsory taxes. The entrepreneur registered in the Commercial
Register, mostly as a limited liability company or a joint stock company, has an obligation to keep double-
entry accounting only. He has the right to participate in the competition on behalf of achievement of
economic benefit. The entrepreneurs under the Commercial Code shall not commit the following actions:

• to promote false advertising,
• falsely labeled goods and services,
• to cause confusion,
• to parasitize on the reputation of the company, products or services of another trader,
• to bribe,
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• to violate trade secrets.
This means that the entrepreneur can release about his products or services only true information

referred to label of origin, date of production, suitability and way of usage. The entrepreneur also has to
give only true trade name or mark of the product, to avoid of confusion with another manufacturer.

Since February 2013, following an amendment to the Commercial Code, companies have up to 60
days to repay the invoices within the supplier-customer relations. If there is a delay of payment, the
entrepreneur is sanctioned by the basic interest rate of the European Central Bank.

The amendment of the Civil Code and the Law on Free Access to Information define the duty of
entrepreneur to publish a contract in the Central Register of contracts, if the contract was made with the
ministry, public institution or any governmental institution. Unless it does so within three months, the
contract automatically becomes null and void.

According to Law no. 250/2007 on the protection of consumers is the entrepreneur bound to sell
products at the right weight or measure and the consumer has the right and must be able to check the
correctness of the data.

1.3.2 Social Area

The relationship between the employee and the employer is adapted by several legislative
standards. It is not governed coherently only by one legislation standard but the employer is obliged to
follow the amount of regulations, laws and regulations. Employer obligations are defined by:

• Act. 311/2001 Coll. Labour Code, as amended,
• Act. 580/2004 Coll. on Health insurance as amended,
• Act. 461/2003 Coll. on Social insurance, as amended,
• Act. 595/2003 Coll. on Income tax, as amended,
• Act. 124/2006 Coll. on Health and safety at work, as amended,
• Act. 283/2002 Coll. on Travel expenses, as amended,
• Act. 355/2007 Coll. on Protection, support and development of public health, as amended,
• Act. 122/2013 Coll. Personal Data Protection, as amended.

The most fundamental employer’s obligations to its employees should follow the Labour Code. The
first duty which the employer has to future employees is truthfully inform the applicant about his duties,
rights, labor conditions and job description. The employer is obliged to grant the day off to an employee
in the serious personal issues, such as funerals, childbirth, medical examination and others. The
vacation is also granted by an employer. The Labour Code states that an employer may not impose
overtime to an employee who performs risky work and work in health damaging environment.

An employee is legally guaranteed that the employer can not give notice at the time of
commencement of maternity or parental leave, or is unable to work. The employee, whose working time
is longer than six hours, is entitled for a 30 minute break.

Under the Law on Safety and Health at Work, the employer is obliged to provide a safe working
environment and appropriate protection for risky professions, which may include the processing of wood
raw material. The employer also must take in account human capacities and characteristics by the
design of workplace, working procedures and by the choice of working equipment to be eliminated the
effects of negative work factors on the employees’ health. (eg. monotonousness, excessive noise, …).
The employer is obliged to provide employees work clothes and work shoes for free when working in an
environment where clothing or footwear is subject of strong pollution or abnormal wear. The employer
is obliged to provide employees free drinking regime, if it is necessary to protect the life or health and
provide washing, cleaning and disinfecting means necessary to ensure personal hygiene. All costs
associated with ensuring safety and health at work should be covered by the employer, these costs may
not be transferred to the employee.
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1.3.3 Environmental area

Companies’ obligations towards the environment are defined by law:
• Act. 543/2002 Coll. on Nature and landscape protection, as amended,
• Act. 137/2010 Coll. Clean Air, as amended,
• Act. 364/2004 Coll. Water, as amended,
• Act. 223/2001 Coll. on Waste, as amended,
• Law no. 8/2009 Coll. Road traffic and on amendments to certain laws,
• Act. 491/2005 Coll. on Environmental verification and registration in the European Community

scheme for environmental management and audit, as amended,
• Act. 469/2002 Coll. the Environmental labeling of products, as amended,
• Act. 24/2006 Coll. on the Assessment of environmental impacts, as amended.

From above mentioned laws arise the essential obligations of companies:
Unless the company for its business use a significant landscape element, it can be used only in a

way that has not been disturbed its condition and not to threaten or to weaken its eco-stabilizing function.
The entrepreneur who plans to carry out activities that may threaten or violate the territorial system is
obliged to propose precautions that will contribute to its creation and maintenance. Unless business
activity disturbs the ecosystem, its components or elements, the company is obliged on its own expense
to take steps that will prevent and limit their damaging.

The company manufacturing or importing regulated products must annually submit to inspection
accurate records of the quantity and quality of those products. The company that by its activities pollutes
the air is obliged to inform the public and also to inform about the steps implemented to reduce this
pollution.

The company that produces by its production waste is obliged to recover the waste by its activities.
Every entrepreneur is obliged to dispose with waste in a way that is safe for human health, not damaging
the environment and by which can not be:

• risk of pollution of water, air, soil, endangering plants and animals;
• causing a nuisance by noise or odors,
• negative affecting the countryside or places of special interest.

The act on Road traffic influence mainly companies that by their activities using trucks. The law
establishes that a vehicle entering the road must be pre-cleaned to not soiling the road. The truck must
have a load on the vehicle properly placed, arranged and secured in order to not threaten the safety and
flow of traffic and not to harm the road or its surroundings, not cause excessive noise and low-emission.
Loading and unloading cargo on the road is permitted only if it can not be done out of the road. The
cargo must be unloaded and loaded as quickly as possible and can not to threaten safety of traffic.

2. CONCLUSION

The guarantor of creating of institutional conditions for CSR in the Slovak republic should be
national authorities, but the situation in this region can not be considered satisfactory. In this field is not
visible any qualitative movements towards improving of conditions and promoting of CSR initiatives.
Within the legislative framework should be the obligation of the state to ensure an environment in which
all similar initiatives are supported. Space for easy existing of CSR is consisted by an effective and
functioning legal state and its components, but the development of CSR should be led by enterprises
themselves. Public authorities should play a supporting role through a smart mix of voluntary policy
measures and, where necessary, complementary regulation, for example to promote transparency,
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creates market incentives for responsible business conduct, and ensures corporate accountability.
Enterprises must be given the flexibility to innovate and to develop an approach to CSR that is
appropriate to their circumstances. Many enterprises nevertheless value the existence of principles and
guidelines that are supported by public authorities, to benchmark their own policies and performance,
and to promote a more level playing field.
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FROM EMPIRICAL STUDIES TO BIOENERGY STATISTICS: BRIDGING THE GAP
OF UNRECORDED WOOD-BIOENERGY IN GERMANY

Weimar, H

ABSTRACT

The full coverage of all bioenergy based on woody and other solid biomass in energy statistics is a necessity
– and a challenge. It is a necessity for e.g. reporting on the development of bioenergy or generally for market
transparency. And it is a challenge as especially smaller sectors or smaller plants usually are not monitored by
energy statistics. On the other hand, we know – based on various empirical studies on the use of wood for energy
generation – for certain data points in time the total use of woody biomass in firing plants. We use both data
sources to outline a methodological concept to estimate the unmonitored quantities. Our further objective is to
develop a time series of the unmonitored sectors for the period from 2003 to 2014. Calculations were done using
regression analysis to estimate best-fit-curves and linear interpolation. Results show that the unmonitored sector
has contributed between 23 PJ and 58 PJ of wood energy in the analyzed time period. The share of this sector
on the total use of wood for energy production in Germany varies between 10 % and 47 %.
Key words: wood energy, energy statistics, unrecorded volumes, wood resources monitoring

1. INTRODUCTION

Bioenergy plays an important role in the energy mix of Germany. Moreover, with regard to energy
security and climate change mitigation bioenergy is one of the key pillars for the transition of the energy
system towards a more sustainable energy generation. Wood as a solid biomass provides a major share
of bioenergy in Germany. Therefore it is obvious that all uses of wood for energy purposes should be
recorded in energy statistics. It is necessary to report the development of bioenergy for e.g. market
transparency and for a general knowledge about the different uses of wood.

However, the coverage of all woody and other solid biomass based energy in statistics is
incomplete. Especially smaller sectors or smaller plants are not monitored by energy statistics in
Germany. In case of wood energy these are namely the sectors of commercial and public services and
of agriculture, forestry and fishing. But also companies of the manufacturing sector which employ less
than twenty people are not covered by official statistics in Germany due to a general cut-off threshold.
In this regard it is important to note that residential wood energy of private households is covered in
energy statistics and hence not in the scope of our analysis.

Due to lack of information, various studies have been carried out in order to provide estimates on
these unreported sectors or quantities in the last years. In addition to the mere estimation of the energy
production some of these studies aimed to develop a methodology for a continuous data provision for
renewable energy statistics (e.g. Schlomann et al., 2008; Viehmann et al., 2011, Rönsch et al., 2016).
However, so far no realizable concept could be developed.

It is therefore the objective to outline a methodological concept to estimate the unreported quantities
of wood energy. Based on this concept we firstly develop a time series for the period 2003 to 2014.
Furthermore, the concept shall be also used to support future reporting of energy statistics by filling the
gap of unmonitored sectors or plants.

The remainder of this paper is organized as follows. In subsequent chapter 2 the methodology
approach will be outlined. In chapter 3 the results of the analysis are presented. Chapter 4 discusses
the main findings and concludes the paper.
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2. METHODOLOGICAL APPROACH

2.1. General Approach
Based on various empirical studies on the use of wood in firing plants we know for certain points in

time the total use of woody biomass for energy generation. On the other hand, energy statistics do
accurately record primary energy consumption in all relevant sectors except the commercial and public
services sector, the agriculture, forestry and fishing sector and firing plants of companies of the
manufacturing sector which employ less than twenty people. Hence, the basic methodological approach
is striking simple: For a certain year, the difference between the empirically quantified wood energy
consumption and the primary energy consumption of solid biomass in official energy statistics can be
defined as the primary wood energy consumption of the commercial and public services sector, the
agriculture, forestry and fishing sector and firing plants of companies of the manufacturing sector which
employ less than twenty people. In the following these sectors and plants are named ‘other commercial
sectors’. The subsequent equation describes the general relation.= − (1)

PEC – primary energy consumption ( in Peta Joule PJ)
oc – other commercial sectors
es – empirical studies
os – official statistics

There are mainly two types of empirical studies. One type focuses on large-scale wood firing plants
with a rated thermal input of at least one megawatt (MW), the other type focuses on small-scale wood
firing plants with a rated thermal input below one megawatt. The studies on the large-scale wood firing
plants were conducted as full surveys (Weimar and Mantau, 2006; Weimar, 2008; Weimar et al., 2012)
whereas the studies on small-scale wood firing plants were compiled as sample surveys (Mantau, 2004;
Musialczyk and Mantau, 2007; Mantau et al., 2012). Additionally, information on the use of wood in other
firing plants which use wood for co-firing such as coal-fired plants or power plants in (e.g.) the cement
industry were taken into account. The calculation of the total primary wood energy consumption of the
empirical studies PECes is calculated as follows:= + + (2)

PEC – primary energy consumption (in PJ)
s – small-scale wood firing plants
l – large-scale wood firing plants
o – other firing plants

Data of the wood consumption for energy generation in wood firing plants is reflected in the
empirical studies either in a dried stage (oven-dry metric tons, odmt) or on a wet basis (“as delivered”
(UN, 2009)). The conversion from odmt to joule is done by using a conversion factor of 18.5 mega-joules
(MJ) per kilogram. For the conversion of wet tons to odmt data on moisture content are provided by
Weimar and Mantau (2006) and UN (2009). For the specific approach we aim to specify regression
models. However, if this might not be possible for all cases we need to use linear interpolation between
fixed points or extrapolation of empirical data.
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2.2. Specific Approach

2.2.1. Small-scale wood firing plants
Small-scale wood firing plants are defined as plants with a rated thermal input below one megawatt

(MW). For setting up a time series three data points from empirical studies are available for further
analysis. The study of Mantau (2004) covers the year 2002. Musialczyk and Mantau (2007) refer to the
year 2006 and Mantau et al. (2012) provide data for the year 2010. These studies have been conducted
within the project wood resource monitoring. Based on these references we try to specify a regression
model to find the line of best fit for the use of woody biomass in small-scale firing plants for the time
period 2003 to 2014. To reflect the structure of this heterogeneous market we assume two major
influences on the development.

One major share of small-scale wood firing plants is operated within the wood working and wood
manufacturing companies. We assume that the use of wood for energy generation partly depends on
the economic development of these firms as they are mainly using wood processing residues as fuels.
To reflect this relation we use the economic development of annual turnover of the following sectors:
manufacturer of products of wood (excluding wood-based panels) and manufacture of furniture. Data
are provided by Becher (2015). For deflation of annual turnover we used the GDP deflator of the World
Bank (2016). The other major share of small-scale wood firing plants is operated by different companies
outside the wood-based industry such as the commercial and public services sector, the energy
transformation sector or the agriculture, forestry and fishing sector. A main purpose of these plants is
heat production for e.g. district heating. Studies show that the weather conditions during a heating period
are relevant for the amount of wood used (e.g. Garbacz, 1985; Garbacz and Erickson, 1987; Schmoranz,
1994). Hence we assume that primary energy consumption for small plants is in addition to annual
turnover of wood manufacturer also related to the heating demand of the heating period. We use annual
heating degree days for further specification. Data are provided by Memmler (2016). The use of wood
for energy generation of small-scale wood firing plants is calculated as follows:

, = + , + , + (3)

U – use of wood for energy generation (in oven-dry metric tons (odmt))
s – small-scale firing plants
x1 – annual turn over (in Euro, deflated)
x2 – heating degree days (in Kelvin day, Kd)
j – year
β – parameters

We assume a linear correlation between the use of woody biomass and the explanatory variables.
As so far only three data points for analysis are available the regression analysis could not be carried
out fully due to the lack of degrees of freedom. Besides the estimation of the regression parameters and
the coefficient of determination (R2) no test statistics could be calculated (see table 1).

For this reason we decided to calculate the time series of the small-scale wood firing plants based
on the development of sub-categories of the energy statistic. These sub-categories are assumed to
reflect the development of the small plants. We defined the empirical studies as fixed points and used
the development of the sub-categories for interpolation.

However, it is still the basic idea of the general methodological concept that we can specify a
regression model if additional data are available. The next survey in this regard is already in the planning
stage and will be carried out in 2017. Results are planned for late 2017, reference year will be 2016.



9th International Scientific Conference WoodEMA 2016
THE PATH FORWARD FOR WOOD PRODUCTS: A GLOBAL PERSPECTIVE

138

Table 1. Test statistics for small-scale wood firing plants

Model (N = 3) Variables Coefficient
estimates

Standard
errors

t values p values

R2 1 β0 -18888361 - - -
R2 (adjusted) - β1 0.27435 - - -
F-statistic - β2 3321.16304 - - -
p value -

2.2.2. Large-scale wood firing plants
Large-scale firing plants are defined as plants with a rated thermal input of one megawatt or above.

Basically, the approach applied for estimating the use of wood for energy production in large-scale firing
plants is similar to the one applied for small-scale firing plants. Data on wood consumption are available
for the years 2003, 2004, 2005 and 2011 provided by Weimar and Mantau (2006), Weimar (2008) and
Weimar et al. (2012). These studies also have been conducted within the project wood resource
monitoring. For our analysis we use additional annual statistics on the power and heat supply of solid
biomass of the industry sector and the transformation sector provided by the working group on
renewable energy statistics (AGEE-Stat).

We assume that the development of primary energy consumption of solid biomass reported in
energy statistics reflects the development of large-scale wood firing plants. A regression analysis was
carried out in order to calculate the best-fit line between the available empirical data for wood
consumption in large-scale wood firing plants and the heat and power supply of industry and heating
plants of energy statistics.

, = + , + (4)

U – use of wood for energy generation (in oven-dry metric tons (odmt))
l – large-scale firing plants
x1 – heat and power supply of industry and heating plants (in PJ)
j – year
β – parameters

We assume a linear correlation between the use of woody biomass and the explanatory variables.
The explanatory variable x1 is significant and shows the expected positive sign. Further test statistics
are provided in table 2.

Table 2. Test statistics for large-scale wood firing plants

Model (N = 4) Variables Coefficient
estimates

Standard
errors

t values p values

R2 0.9878 β0 2690112 343216 7.84 0.0159
R2 (adjusted) 0.9817 β1 30.93702 2.42931 12.73 0.0061
F-statistic 162.18
p value 0.0061
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2.2.3. Other firing plants: wood and non-woody solid biomass
In addition to the use of wood in small and large wood firing plants wood is also used for co-firing

in e.g. in coal-fired power plants or in industrial power plants (e.g. cement industry). Wood which is burnt
in incineration plants (mainly as waste) is not considered in this analysis. This part of energy generation
is already recorded in statistics. Unfortunately, there is only very limited information on co-firing of wood
in these other industrial plants. So far only one publication seems to refer to this issue (Mantau and
Jochem, 2012). Based on this study we assume a constant wood consumption over time and we applied
the quantity to the whole time period.

Information on non-woody solid biomass is also scarce. In empirical surveys about large-scale
wood firing plants by Weimar and Mantau (2006) and Weimar et al. (2012) also plants were surveyed
which only use non-woody solid biomass. However, the quantity was low compared to woody biomass.
Hence we assume a constant quantity of non-woody biomass for whole time period.

If additional information on these uses solid biomass will be available, it will be taken into account
and the assumptions will be modified.

3. RESULTS

Figure 1 shows the results of the calculation of the wood energy consumption from 2003 to 2014.

Figure 1. Estimated use of wood and other solid biomass for energy generation by sectors in Germany, in odmt

The figure presents the estimated time series of small-scale firing plants, large-scale firing plants
and other firing plants. If available we used original data from empirical studies for a data point. Estimated
data are shaded in figure 1. The huge increase in year 2010 is mainly due to changes in the statistical
concept of the AGEE-Stat (2016) in this specific year. This significant increase can also be seen in the
data of AGEE-Stat (2016) (for comparison please see figure 2). The total wood consumption for energy
generation was about 6.6 million tons (odmt) in 2003 and constantly increased up to 9.9 million tons in
2006. A lower consumption level in the following years was followed by a significant increase up to 13.4
million tons in 2011. Recent years showed a slight decrease. The actual consumption in 2014 is
estimated at 12.5 million tons.

Results for the estimation of the unmonitored other commercial sector (following formula 1) are
shown in figure 2.
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Figure 2. Time series of primary energy consumption of wood and other solid biomass in Germany, in PJ

The time series of other commercial sector shows a steady decline since 2003 to 2010. Since then
the level remains more or less constant on a level of ca. 23 PJ. The starting point of our time series
shows the highest level of primary energy consumption of the estimate of the other commercial sector
(58 PJ). The actual level is about 23 PJ. The share of this sector on the total use of wood for energy
production in Germany decreased from 47 % in 2003 to 10 % in 2014.

4. DISCUSSION AND CONCLUSION

The objective of this analysis was to develop a methodology for the estimation of the wood energy
generation of sectors and plants which are not covered by official energy statistics. This was done by a
comparison of empirical studies on the use of wood for energy generation and data from official energy
statistics in Germany. The analysis showed results which are within the range of comparable studies
(e.g. Merten et al., 2004; Schlomann et al., 2008; Viehmann et al. 2011). The methodological concept
of this analysis proves to be suitable to support energy statistics in Germany. First results have been
already applied to renewable energy statistics (AGEE-Stat, 2016).

Calculations were done using regression analysis to estimate best-fit-curves. However, not all
parameters of the regression analyses could be statistically funded. This is due to only few data points
for small-scale wood firing plants. Hence we also used linear interpolation for the estimation of this time
series. Also information on non-wood solid biomass is scarce. This lack of data has to be improved if
new empirical studies are available. It is the basic idea of the general methodological concept of the
wood resource monitoring that regularly empirical surveys will be carried out which then shall improve
the quality of the estimated data (Jochem et al., 2015). The next surveys on wood energy in firing plants
are already planned and will be carried out in 2017. Hence, ex-post examinations in forthcoming periods
will have a broader data basis.
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FINANCIAL ASPECTS OF FSC COC WOOD INDUSTRY CERTIFICATE HOLDERS

Klarić, K; Motik, D; Pirc Barčić, A

ABSTRACT

After the Earth summit held in Rio de Janeiro, the concept of sustainable development has been widespread
across many industry sectors. In Croatian wood industry sector sustainable development initiative is mostly
reflected in Chain of Custody (CoC) certification issued by the Forest Stewardship Council (FSC). Almost three
hundred FSC CoC certificates are issued in Croatia today. The aim of this article is comparison of financial aspects
of FSC CoC certified companies to financial aspects of wood industry sector in general.
Key words: wood industry, FSC CoC certification, financial aspects

1. SUSTAINABLE MANAGEMENT CERTIFICATION TRENDS IN WOOD INDUSTRY

1.1. World’s certification trends

Today's global market is favourable to certified and environmentally appropriate products.
Conducting business in such environment the wood industry companies can demonstrate
environmentally responsible management by implementation of standards for chain of custody
certification that is based on use of materials from responsibly managed forests (Bičanić et al., 2011).
There are numerous organizations that promote sustainable management of world’s forests and the two
largest are Forest Stewardship Council® (FSC) and Programme for the Endorsement Forest Certification
Schemes (PEFC). Both FSC and PEFC are non-governmental and non-profit organizations that are
dedicated to promotion of responsible and sustainable forest management worldwide through
independent third-party certification (FSC, 2016; PEFC, 2016). They promote environmentally
appropriate, socially beneficial and economically viable principles in forest operations. Besides
certification in forest management (FM) FSC and PEFC enable certification in wood industry, named
chain of custody (CoC) certification. CoC certification is based on implementation of standards for
tracking certified material from responsibly and sustainably managed forest to final product (FSCb, 2016;
PEFCb, 2016). PEFC is the world’s largest forest certification scheme, more than 300 million hectares
of forest are certified under PEFC certification scheme (PEFC, 2016c). FSC is the world’s second largest
forest certification scheme under which 191 million hectares of forests are certified (FSC, 2016c).
Regarding CoC certificates, 30 982 companies are the FSC CoC certificate holders (FSCc, 2016) and
10 909 companies are the PEFC CoC certificate holders (PEFC, 2015c). According to FAO (2015),
certified forest area has grown from 18 million ha in 2000 to over 430 million ha in 2014, and it has
increased by more than twenty times. Almost 90 % of global certificated area is on Northern Hemisphere
(Fernholtz et al., 2015).

1.2. Croatian certification trends

All certificates for forest management are issued under FSC certification scheme in Croatia and as
well as the majority of chain of custody certificates are issued by FSC (Bičanić et al., 2012). In Croatia
2 039 223 ha of forests are FSC certified from which 2 018 987 or 99 % is from Croatian State Forest
enterprise (FSCd, 2016). Croatian State Forest enterprise manages state-owned forests that are FSC
FM/CoC certified from 2002 and since then CoC certification of wood industry companies has started.
Constant growth of the number of FSC CoC certificates is shown in Figure 1. The number of CoC
certificates has quadrupled in the past ten years in Croatia. According to FSC Facts & Figures from the



9th International Scientific Conference WoodEMA 2016
THE PATH FORWARD FOR WOOD PRODUCTS: A GLOBAL PERSPECTIVE

144

August 2016 the number of issued FSC CoC certificates in Croatia is 262. Only four CoC certificates are
issued in Croatia under the PEFC certification scheme (PEFCc, 2016).

Figure 1. The number of FSC CoC certificates in Croatia

2. CROATIAN WOOD INDUSTRY PRODUCTS SALES

According to Croatian Bureau of Statistics, in 2014 the total value of industrial products sold by
enterprises engaged in production of industrial products in the Republic of Croatia amounted to 121 343
million HRK (DZS, 2016). As compared to the previous year, the value of sold industrial products
decreased by 1 701 million HRK, or by 1.4 %. According to the National Classification of Activities –
NKD 2007 (N.N. nr. 58/07, 72/07) industrial sections, the value of sold industrial products in 2014
according to the product activity was the highest in section C Manufacturing, 102 743 million HRK,
increasing to year 2013 by 6166 million HRK or by 0.61 %. More significant incensement in the value of
sold industrial products had sectors manufacture of wood (11.43 %) and manufacture of furniture
(29.13 %).

Table 1. Value of industrial products sold and export (Thousand HRK*).

Sector

2013 2014

Total value Of that, abroad
(export) Total value

Of that, abroad
(export)

HRK % HRK % HRK % HRK %

Total – all sectors 123 043 991 100.00 46 572 291 100.00 121 343 138 100.00 50 125 074 100.00

C Manufacturing 102 113 426 82.99 46 350 084 99.52 102 743 046 84.67 43 473 049 86.73

C16 Manufacture of wood
and of products wood 3 285 362 2.67 2 007 321 4.31 3 660 759 3.02 2 305 831 4.60

C31 Manufacture of
furniture 2 686 551 2.18 1 781 229 3.82 3 469 250 2.86 2 513 775 5.02

*Midpoint Exchange Rates of Croatian National Bank for 2013 – 1 EUR = 7.573548 HRK and for 2014 – 1 EUR = 7.630014
HRK
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Source: Croatian Bureau of Statistics, 2016.

Croatian wood processing and furniture manufacturing have been developed on high quality forest
raw material, and their activities are based on the use of forest raw material, long wood-processing
tradition and high quality of human resources (Pirc et al., 2010). Wood industry companies are mostly
export oriented (Pirc et al., 2015), therefore it is very important to follow the foreign market trends
(Table 1). Results conducted among Croatian FSC CoC certificate holders (Klarić et al., 2016) the most
of them were certified on request of their customers, in order to keep customers they were obligated to
implement certification. According to Kärnä et al. (2003) companies should seek competitive advantage
through environmental friendliness and implementing environmental marketing voluntary. Since the
trend of FSC certification has been widespread globally during last ten years, Croatian wood industry
companies had to follow those trends in order to stay competitive. The aim of this article is comparison
of financial aspects of Croatian FSC CoC certified companies to financial aspects of wood industry sector
in general.

3. MATERIAL AND METHODS

In order to analyse financial performance of Croatian wood industry sector and companies that are
holders of FSC chain of custody certificate in Croatia financial reports are gathered. The data for wood
industry sector involved data obtained from Croatian Ministry of Finance and Financial Agency (FINA).
Financial reports (income statement and balance sheet) needed for financial indicators calculation for
FSC chain of custody certificate holders from Registry of financial reports (RGFI, 2015) were obtained.
FSC Certificate Holder database (www.info.fsc.org) to collect data about FSC certificate holders was
used.

For comparison of companies from wood industry sector with and companies that are FSC chain
of custody certificate holders following financial indicators are used:

 Return on Assets – ROA;
 Return on Equity – ROE;
 Return on Sales – ROS.

Besides mentioned data Earnings before interest and taxes; Efficiency of total equity; Total income;
Total expenses; Profit per employee; Total income per employee were analysed.

4. RESULTS

In Table 2 certified product groups by FSC product classification of Croatian wood industry
companies are presented (FSC-STD-40-004a V2-1, 2013). As seen in Table 2 the largest number of
chain of custody FSC certificate holders are certified for sawn wood (W3 = 69.54 %). The number of
FSC certified companies decrease by increasing product finalization level and/or wood products added
value. Hence, only 19.21 % of FSC CoC certificate holders are certified for indoor furniture (W12).

Table 2. FSC certified products among Croatian FSC certificate holders

FSC product groups Number of certified
companies

Percent of certified
companies

W1 – Rough wood 204 67.55 %
W2 – Wood charcoal 1 0.33 %
W3 – Wood in chips or particles 194 64.24 %
W4 – Impregnated / treated wood 8 2.65 %
W5 – Sawn wood (sawn, chipped, sliced or peeled) 210 69.54 %
W6 – Products from planning mill 35 11.59 %
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FSC product groups Number of certified
companies

Percent of certified
companies

W7 – Veneer 54 17.88 %
W8 – Wood panels 27 8.94 %
W9 – Engineered wood products 66 21.85 %
W10 – Wood package 36 11.92 %
W11 – Wood for construction 99 32.78 %
W12 – Indoor furniture 58 19.21 %
W13 – Outdoor furniture and gardening 30 9.93 %
W14 – Musical instruments 1 0.33 %
W15 – Recreational goods 5 1.66 %
W16 – Household articles 11 3.64 %
W17 – Stationery of wood 1 0.33 %
W18 – Other manufactured wood products 7 2.32 %
W19 – Other wood products n.e.c. 8 2.65 %

* this table is continuation of Table 2 from previous page

The financial aspects of FSC CoC certificate holders in Croatia are shown in Table 3. The average
earnings before interest and taxes of wood industry FSC CoC certificate holders in 2013 was
1 712 082 HRK and in 2014 was 1 725 080 HRK. Lower average total income compared to previous
year was in 2014, earnings before taxes compared to previous year increased by 0.76 %. Financial
indicators Return on Assets; Return on Sales; Return on Equity were positive for both analysed years.
Almost 90 % of companies with implemented FSC certification ended 2013 and 2014 with profit.

Table 3. Croatian FSC wood industry certificate holder’s financial indicators values

Financial indicators Aritmetic
Mean

Standard
Deviation Q1 Median Q3

EBIT 2013 (HRK*) 1 712 082 2 984 550 8 775 348 319 1 723 174
EBIT 2014 (HRK) 1 725 080 4 261 600 28 709 356 971 3 503 385
ETE 2013 (%) 102.52 14.35 100.70 102.80 105.95
ETE 2014 (%) 102.71 9.48 100.40 101.80 106.58
ROA 2013 (%) 7.33 12.32 0.85 4.50 8.80
ROA 2014 (%) 3.97 10.01 0.63 3.10 7.73
ROE 2013 (%) 24.49 30.40 4.40 16.15 43.58
ROE 2014 (%) 15.41 29.08 3.75 11.90 24.65
ROS 2013 (%) 3.13 6.28 0.65 2.30 4.55
ROS 2014 (%) 1.28 9.34 0.40 1.45 5.05
TI 2013 (HRK) 54 461 782 82 780 693 3 474 231 27 047 846 56 720 298
TI 2014 (HRK) 53 857 211 73 615 045 5 392 283 26 859 678 69 897 640
TE 2013 (HRK) 52 846 318 81 950 243 3 777 557 26 065 970 56 389 143
TE 2014 (HRK) 52 530 611 72 195 234 5 324 566 25 710 448 64 643 067
PPE 2013 (HRK) 47 775 121 991 1 971 9 177 30 052
PPE 2014 (HRK) 47 245 162 745 605 7 207 37 123
TIPE 2013 (HRK) 1 418 124 2 459 911 251 865 436 646 1 647 894
TIPE 2014 (HRK) 1 542 775 2 808 060 264 988 461 460 1 305 462

Legend: EBIT - earnings before interest and taxes; ETE – efficiency of total equity; ROA – return on assets; ROE – return on
equity; ROS – return on sales; TI – total income; TE – total expenses; PPE – profit per employee; TIPE – total income per
employee
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*Midpoint Exchange Rates of Croatian National Bank for 2013 – 1 EUR = 7.573548 HRK and for 2014 – 1 EUR = 7.630014
HRK

Comparisons of profitability ratios between wood industry sector and companies that are FSC CoC
certificate holders in Figure 2 are presented. In 2013 and in 2014 profitability ratios Return on Sales and
Return on Equity were higher for those companies that hold FSC chain of custody certificate. In 2014
wood industry sector had higher Return on Sales than FSC CoC companies, while in 2013 the situation
was opposite. In general, according to given profitability ratios companies that are FSC certificate
holders comparing to companies from wood industry sector had higher ratios of almost all profitability
indicators, that may led to assumption that those companies had better financial performance.

Figure 2. Profitability indicators of wood industry sector (SECTOR) and FSC CoC certificate holders (FSC)

5. CONCLUSION

Croatian wood industry is very important part of manufacturing sector, it employs large portions of
workers in rural areas, it is export oriented and therefore its development is very important for Croatian
economy. The results of this research indicate the positive trend in wood industry companies, with the
slightly better results of companies that are FSC chain of custody certificate holders. Therefore, it is
necessary to proceed with positive trends, implement the strategy of wood industry that will support the
development of production of higher added valued products.

The future of wood industry lays on global trends of sustainable management, economic viability
should be achieved taking into account environmental and social needs of all interested parties.
Environmental awareness of today’s customers is rising, therefore is very important to follow those
trends in order to stay competitive, and one of the directions for wood industry is to implement standards
of chain of custody that certifies products originating from responsibly managed forests. Although the
certification in Croatia is voluntary, the wood industry companies should be prepared for present and for
the future customers’ requirements and desires. The availability of certified raw material enables wood
industry companies to be forerunners of sustainable development and to achieve competitive advantage
on turbulent market.
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THE EFFECTIVENESS OF SELECTED MACHINERY AND EQUIPMENT
IN THE WOODWORKING JOINERY

Stasiak-Betlejewska, R.; Ulewicz, R.

ABSTRACT

The effectiveness of machinery and equipment is one of the most important determinant of the product
quality in the woodworking joinery. The appropriate conditions of the machines working have the influence on the
production performance. A paper presents research findings on the machines effectiveness with applying PAMCO
indicators.

Key words: woodworking industry, the production output, PAMCO indicators

1. INTRODUCTION

One of the most important conditions for the success of the contemporary production enterprises
is ensuring timely supply of products characterized by the quantity and quality in accordance with the
customer’s specification [Bičanić et all 2009]. Achieving this goal requires the company to guarantee the
reliability of the productive apparatus, or full control of the technical condition of machinery, equipment
and facilities. This activity is carried out in the framework of maintenance or the daily, systematic work
related to the implementation of planned one-time or periodic tasks in order to prevent degradation in
the quality of the equipment and the failure occurrence or applying measures to restore the production
of the production equipment full functionality [Pirc - Barčić et all 2016].

Developing dynamically discipline of knowledge concerning the machines and technical equipment
operation is being built on a basis of the maintenance science that includes: main operating systems,
reliability, tribology, diagnostics, technical, safety of machinery [Ożadowicz, 2007]. The assessment of
the complex systems operation performance uses the following properties [Bryke, 2005]:

- efficiency - identified as the effective use of resources at a given time on intended purpose,
- readiness - expressing possibility of action operated facilities, including the system as a whole,

at a given moment of a time,
- performance - synonymous with the intensity of tasks,
- effectiveness - achieving status highlighted as a positive set of possible status,
- efficiency - the possibility of finding the system in the conditions specified by the host system,
- cost-effectiveness - ownership expresses the relationship between the achieved results and the

size of the expenditures incurred in a certain period of time,
- Reliability - the property of expressing the degree of trust that is met the required action.
The volume of the production depends on the machinery, its technical condition and directs the

performance and then these factors have played a significant role in the approach to the machinery in
an analyzed manufacturing company. A system for monitoring the machine park status is becoming
more popular nowadays. As a result, it is possible to predict and prevent technical faults [Dwiliński 2006].
Currently a strategy of the equipment maintenance is applied along TPM technical machine status (Total
Productive Maintenance), whose objective is to achieve ZERO defects in machines maintenance, ZERO
defects in the production and ZERO accidents at the work stations. This concept of the excellence is
connected with the enterprise assets management, which allows productivity increasing, the product
quality improving and the profitability expanding [Chabiera et all 2000].

The aim of this study is to analyze the machinery efficiency in the construction industry enterprise.
The study verified a thesis according to which the prevention and maintenance of the machines in the
enterprise is one of the basic objectives raising the productivity and the quality level.
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2. THE RESEARCH METHODOLOGY

Assessment of the material resources use (Plant & Machine Control - PAMCO) was applied in 1976
as the common language defining corporate and machinery results allowing the use of uniform criteria
for comparing companies with similar profile and a similar machine park. In 1990 PAMCO definitions
have been simplified and standardized for all companies so that their results could be easily and quickly
compare [Bryke 2005].

The PAMCO methodology shows parameters of the measurement and reporting work of technical
objects, defines the machine working time to analyze the machines operation and processes, reduces
the number of previously used parameters, provides the basis of measurement of these devices, which
can be modified. Time, according to PAMCO has been divided into types, which are calculated according
to its individual indicators, giving a full and clear picture of the machine use and the performance of the
company.

Table 1.  The PAMCO times indicators structure
Total Time TT = 168 h

Available Time AT = TT - UAT
Unavailable Time
UAT

Used Time UT = AT - UAT
Available Unused
Time AUT

Due to national or
religious holidays,
Saturdays,
Sundays

Operation Time OT = UT - PNOT
Planned Inoperable
Time PNOT

Due to the line stops
due to a lack of orders,
autonomous
maintenance

Production Time
PT = OT - rps

Routine
production stops
rps

Due to a change
of plans, technologists
attempts, renovations

Effective Time
ET = PT - us

Unplanned Stops
us

Due to the
clearing, products
change, stops and
loss of production,
routine alterations
to the machine

Due to the small
stops, failures,
regulations, errors,
technological
problems,
disruption
of logistics

Time indicators presented in Table 1 were used to calculate the PAMCO times indicators, aimed at the
machines efficiency measurement. The method PAMCO is applied to calculate the following indicators
[Bryke, 2005]:

- Production Efficiency (PE) - indicator of production efficiency

%
PT

ET
PE 100

where:
ET - Effective time - actual time at which the machine produced products
PT - Production Time
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- Operational Efficiency (OE) - indicator of operational efficiency

%
OT

ET
OE 100

where:
ET - Effective time - actual time at which the machine produced products
OT - Operation Time

- Available Utilization (AU) - indicator of the used available time

%
AT

OT
AU 100

where:
OT – Operation Time
AT – Available Time – possible to use the time in which the machine can operate

- Asset Availability (AA) – indicator of the total time availability

%
TT

AT
AA 100

where:
TT – Total Time – the total length of a given research time (i.e. 168 h, 365 days)
AT – Available Time – possible to use the time in which the machine can operate

- Asset Utilization (AUt) - indicator of used total time

%
TT

UT
AUt 100

where:
TT – Total Time – the total length of a given research time (i.e. 168 h/week, 365 days/year)
UT – Used Time

- Operational Utilization (OU) - wskaźnik sprawności czasu całkowitego

%
TT

OT
OU 100

where:
TT – Total Time – the total length of a given research time (i.e. 168 h/week, 365 days/year)
OT – Operation Time

- Production Utilization (PU) - indicator of total production time

%
TT

PT
PU 100
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where:
TT – Total Time – the total length of a given research time (i.e. 168 h/week, 365 days/year)
PT – Production Time

- Effective Utilization (EU) - indicator of actual total used total

%
TT

ET
EU 100

where:
TT – Total Time – the total length of a given research time (i.e. 168 h/week, 365 days/year)
ET - Effective time - actual time at which the machine produced products

Presented indicators enable to settle the enterprise with their tasks in the field of the production and its
results compared with other companies and can assist in making decisions about necessary activities
and the enterprise development.

3. RESEARCH FINDINGS AND DISCUSSION

There is the effective preventive nature of the machines and equipment maintenance in the
analyzed enterprise. The procedure in this regard regulates manual oversight infrastructure. The
purpose of this manual is to establish procedures for conducting, recording, surveillance and preventive
work - repairs, maintenance and emergency of the individual machines and equipment, and tools that
are supplied to the plant. Responsibility for ensuring the safe condition of the equipment and devices
through supervision inspections and repairs carried out by the subordinate services belong to the
Technical Director and the implementation of individual measures within the framework of the
maintenance is the responsibility of the General Mechanic and General Electric’s. In particular, their
duties include:
 conducting a prevention and surveillance used in various processes, machines, equipment and tools,
 quality and timely execution of preventive maintenance of machinery and equipment,
 carrying out inspection, maintenance of machines and equipment in a documented manner,
 organization of ergonomic workplaces of subordinated personnel while performing preventive and

breakdown.
As the part of the infrastructure supervision procedure, the entire equipment and tools that equip

the departments are subject to recording in a document that contains information about the name of the
machine/device, serial number, type, date of entry and withdrawal from the use. The purchase of the
new or the withdrawal with the use of machinery equipment and tools, a recording of this fact in the
mentioned document is mandatory. The General Mechanic in cooperation with the General Electrician
draw up and update the machine/device card that contains the name and number of the device and
specifying in detail the workflow associated with the review and maintenance of the machine/device and
its frequency. There are registered all the repair of the machine/device in this document.

In the analyzed enterprise the issue of maintenance and the machinery use are mainly based on
prevention. In the second half of 2015, a noted number of failures reached 19 cases and a period of
equipment incapacity because of this reached only 123 hours. The aggregated weekly times of the work
machines inability due to its failure do not exceed 20 hours in the second half of 2015. Such a low time
dimension failure is caused by two elements of the preventive maintenance of machines and devices:
 autonomous maintenance machinery and equipment,
 planned repairs and maintenance.
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Inspection and maintenance for each machine have been planned on a quarterly or semi-annual
frequency. Fund of planned repairs, inspections, maintenance didn’t exceed 40 hours per week in the
analyzed half of 2015, which constitutes less than a half of the nominal general fund percent for
machines operating per each week (Figure 1).

Figure. 1. The dynamics of the machine downtimes structure in the analyzed company X in 2015.

The low number and time of the failure and the downtime time planned due to repairs, maintenance
and inspections are the result of a significant amount of an autonomous maintenance time. The operator
of each machine at each shift makes the preventive machine maintenance in 15 -30 min for the
emergency machine maintenance. Each of the machine in the analyzed enterprise is subjected to the
machine operation analysis due to its efficiency.

Table 2 presents the observed PAMCO times indicators for the multihead milling machine Griggio
from June 2015 to mid-December 2015, while Table 3 presents calculated PAMCO times indicators for
the device in the analyzed period.

Analyzing collected times indicators, it can be noted that the total time per week (168h), the
minimum effective time during the analyzed period was only 113.5 h (in 35th week). The maximum
effective time reached the highest number (153 h in 28th week). Average effective time in the analyzed
enterprise amounted to 143 h, which represents almost 84% of the total time. Analyzing the research
results, it can be noted that in the analyzed period the average indicator of the production efficiency (PE)
amounted to 98.5%, while the indicator of effective utilization (EU) - only 84% (Table 3).

Analyzing the set of PAMCO indicators listed in Table 3, it can be noted that there are significant
disparities between different indicators, as well as between the same indicators for different periods. The
maximum dispersion for the EU indicator was 24%, as similar to PU and OU indicators, which indicate
irregularities in the machine use times. It is worth noting that the lowest efficiency operation time was
recorded in the 37th week (EU = 67.6%). Mainly it was related to the lack of the production order for this
machine (in 32 h) and the correction settings (5 h). In turn, the highest indicator of the total production
time use (PU) was recorded in eight weeks (30, 32, 33, 38, 41, 44, 49, 50), when it was up to 96.67%.
In turn, the effective use of the total time reached a maximum at 96.67%, wherein, the value reached in
only 4 weeks, i.e. 30, 41, 44 and 49th week.
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Table 1. The research results on the multihead milling machine X1 availability times observations
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26 168 4 164 10.5 153.5 0 153.5 3.5 150 1 149
27 168 24 144 10.5 133.5 0 133.5 3.5 130 3 127
28 168 0 168 10.5 157.5 0 157.5 3.5 154 0 154
29 168 32 136 10.5 125.5 1 124.5 3.5 121 1 120
30 168 0 168 10.5 157.5 0 157.5 3.5 154 2 152
31 168 0 168 10.5 157.5 0 157.5 3.5 154 0.5 153.5
32 168 8 160 10.5 149.5 0 149.5 3.5 146 0 146
33 168 24 144 10.5 133.5 0 133.5 3.5 130 0 130
34 168 0 168 10.5 157.5 2 155.5 3.5 152 0 152
35 168 40 128 10.5 117.5 0,5 117 3.5 113.5 0 113.5
36 168 0 168 10.5 157.5 0 157.5 3.5 154 4 150
37 168 32 136 10.5 125.5 0 125.5 3.5 122 5 117
38 168 24 144 10.5 133.5 0 133.5 3.5 130 0 130
39 168 0 168 10.5 157.5 0 157.5 3.5 154 0 154
40 168 0 168 10.5 157.5 1 156.5 3.5 153 0.5 152.5
41 168 24 144 10.5 133.5 0 133.5 3.5 130 0.5 129.5
42 168 0 168 10.5 157.5 0 157.5 3.5 154 0 154
43 168 0 168 10.5 157.5 0,5 157 3.5 153.5 0.5 153
44 168 0 168 10.5 157.5 0 157.5 3.5 154 25 129
45 168 8 160 10.5 149.5 0 149.5 3.5 146 5 141
46 168 24 144 10.5 133.5 0 133.5 3.5 130 3 127
47 168 0 168 10.5 157.5 0 157.5 3.5 154 0 154
48 168 0 168 10.5 157.5 0 157.5 3.5 154 2 152
49 168 8 160 10.5 149.5 0 149.5 3.5 146 1 145
50 168 16 152 10.5 141.5 0 141.5 3.5 138 0 138

Average 168 10.72 157.28 10.5 146.78 0.2 146.58 3.5 143.08 2.16 140.92

Analysis of the PAMCO individual indicators, there declines of the machine working time use were
noted. They take quite irregular appearance periodicity. A worrying phenomenon is the irregularity of the
process and its explosive nature. It is therefore necessary to implement a better organization of the
machine working time. It allows planning the scale and timeliness of production on the analyzed
machine. Besides, at present there are significant losses arising from inefficient (far from the nominal
one) use of the machine working time. Depth analysis of PAMCO times indicators and minimize
downtimes, both planned and unplanned, is required.
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Table 3. The PAMCO times indicators for the multihead milling machine X1
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28 99.33 97.07 93.60 97.62 91.37 91.37 89.29 88.69
29 97.69 95.13 92.71 85.71 79.46 79.46 77.38 75.60
30 100.00 97.78 93.75 100.00 93.75 93.75 91.67 91.67
31 99.17 96.39 91.54 80.95 74.70 74.11 72.02 71.43
32 98.70 96.51 93.75 100.00 93.75 93.75 91.67 90.48
33 99.68 97.46 93.75 100.00 93.75 93.75 91.67 91.37
34 100.00 97.66 93.44 95.24 88.99 88.99 86.90 86.90
35 100.00 97.38 92.71 85.71 79.46 79.46 77.38 77.38
36 100.00 97.75 92.56 100.00 93.75 92.56 90.48 90.48
37 100.00 97.01 91.41 76.19 69.94 69.64 67.56 67.56
38 97.40 95.24 93.75 100.00 93.75 93.75 91.67 89.29
39 95.90 93.23 92.28 80.95 74.70 74.70 72.62 69.64
40 100.00 97.38 92.71 85.71 79.46 79.46 77.38 77.38
41 100.00 97.78 93.75 100.00 93.75 93.75 91.67 91.67
42 99.67 97.44 93.15 100.00 93.75 93.15 91.07 90.77
43 99.62 97.00 92.71 85.71 79.46 79.46 77.38 77.08
44 100.00 97.78 93.75 100.00 93.75 93.75 91.67 91.67
45 99.67 97.45 93.45 100.00 93.75 93.45 91.37 91.07
46 83.77 81.90 93.75 100.00 93.75 93.75 91.67 76.79
47 96.58 94.31 93.44 95.24 88.99 88.99 86.90 83.93
48 97.69 95.13 92.71 85.71 79.46 79.46 77.38 75.60
49 100.00 97.78 93.75 100.00 93.75 93.75 91.67 91.67
50 98.70 96.51 93.75 100.00 93.75 93.75 91.67 90.48
51 99.32 96.99 93.44 95,24 88.99 88.99 86.90 86.31
52 100.00 97.53 93.09 90.48 84.23 84.23 82.14 82.14

Average 98.52 96.14 93.15 93.62 87.37 87.25 85.17 83.88

4. CONCLUSION

A particular aspect of the management system development in the enterprise is implemented
machinery and equipment maintenance policy, which is supported by introduced the infrastructure
supervision, elements of the study the machinery and equipment efficiency and examination of the
machines quality. The machine utilization in the analyzed enterprise is registered, and any inapropriate
case different from the correct machine operation is even eliminated on the basis of the determination
and implementation of preventive measures, especially in the field of autonomous maintenance.
In the analyzed company the effective preventive nature of the machinery and equipment maintenance
is obligated. The procedure to be followed in this field is governed by the guidelines of the infrastructure
supervision whose the aim is establishin procedures for realization, accounting, supervision and
preventive, maintenance and emergency works on the individual machines, equipment and tools which
supplied the plant. It enables the analyzed enterprise to reduce the number and the failures duration
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time to a minimum time (less than 0.5% of the nominal fund of machines), and the number of planned
shutdowns due to planned maintenance has been minimized to a level of 0.5% of the nominal fund of
machines.
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WOOD LOG HOUSE – COMPREHENSIVE THERMAL PREDICTION AND ENERGY
CONSUMPTION QUANTIFICATION

Búryová, D.; Sedlák, P.

ABSTRACT

This paper focuses on log house properties that are affecting its heating energy consumption, with
connection to state-of-the art knowledge and current experiments and research. Evaluation is based on results of
comparison from experiments and from calculations and simulation. The on-site multipurpose monitoring was
performed on a built log house. There was also precise computer simulation performed, in the environment of
Esp-r application (University of Strathclyde, Glasgow), using real conditions and real building. The objective of
this study was to examine feasibility of a log house design, showing excellent properties in terms of heating energy
consumption located in Slovakia.
Key words: log houses, energy consumption, computer simulation, design, guidelines, zero energy houses

1. INTRODUCTION

To evaluate building designs, there are several advanced standards, as Ecohomes (BRE, UK),
Passivhaus (Germany), AECB (UK), a LEED (USA). These standards use different rating scale while
assessing energy efficiency (or zero energy use) in buildings. On the other hand, none of these
standards provide neither particular strategies nor any design guidelines how to achieve zero energy
consumptions for wood log houses – as these are essential for architects and engineers, also for
dissemination of passive houses based on log construction.

Based on energy evaluation of buildings with positive index, it is necessary to focus on specific
heating demand, which relates to high quality design of the entire external envelope in overall scale, to
accommodate solar and internal heat gains. It is also important, that decreasing primary energy demand
for heating, cooling, ventilation, hot water preparation and lighting, together with covering the energy
demand by renewable sources, will become natural in next design procedures in construction industry.

Energy requirements for buildings have been developing over the years, similarly as thermal
properties of external envelope. They were limited in national standards ČSN, later in STN, now in EN
– or in ISO respectively. Energy efficiency is expressed by specific heating demand QH,nd for continuous
heating during heating season / a year. The calculation is based on building external volume Vb [m3]
from external dimensions and structural height of floors, heat loss H [W/K] of floors, standardized degree-
days D = 3 422 K.day, difference between internal and ambient temperature θai – θae = 35 K, hygienic
ventilation of n = 0,5 h-1 and total floor area ΣAb [m2]. Building satisfy the energy requirements if specific
heating demand QH,nd ≤ QH,nd,N , where QH,nd,N is standardized heating demand [kWh/(m2 . year)].

Some case studies were published to evaluate thermal behavior of buildings, but the buildings were
merely silicate-based structures. Similar research considering wood log houses is not available in
accessible sources.

The main objective of this study is to specify basic thermal properties of log houses, in correlation
to current knowledge and research, with particular emphasis on reference object, where we focus on
entire building as complex, not only on particular parts as walls, roof, etc. The study and the experiments
should present that energy saving wood log house is feasible, with energy consumption balance
definition. The thermal properties specification of log house construction plays key role while applying
traditional elements into advanced building design, and still satisfying standards for modern family living.

According to needs, requirements and possible options of an energy facility owner, there are two
types of energy audits - simple and detailed.
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The objective of an energy audit is a report of the audit. To perform the audit, it is necessary to take
following actions:

- mass and energy flows and balances,
- to draw proposals how to reduce energy flows, or mass flows respectively,
- to create a scheme of implementation of the proposals and to calculate savings.
The scope of the paper is to offer possible recommendations for next building design, based on

scientific energy analysis with comparison to thermal monitoring on real reference log house
In relation to present demand for traditional wooden structures, information flow about thermal and

energy behavior is not sufficient. Wang et al. is one of the few who deal with such a problem, describing
and analyzing thermal behavior of traditional Chinese habitable building. „Indoor and outdoor air
temperature, relative humidity, solar radiation intensity and wind speed were obtained by using field-
tested methods for the traditional dwelling houses in this region in winter, and the clothing form and
activity of people were surveyed by way of questionnaire. And then, the influence of house orientation,
indoor heat sources and insulation on the indoor thermal environment is analyzed, the WCI (wind chill
index) is used to evaluate the indoor and outdoor thermal environment at last. The results show that: the
indoor temperature can raise about 8.3 °C when the house orientation is better and Chinese kang as
the heating heat source. The good practice on local structure is worthy of following for other houses,
such as adobe posted solid brick wall, double windows, wooden sash windows and so on.“ Wang et al.
(2011). The authors are looking at the building as a complex, but unfortunately this particular building is
made of brick.

Our reference object was a square log family house occupied during all year, where experimental
research and observation was conducted. It could be said that wood structure design is becoming more
popular also for multipurpose buildings, though these are mostly timber-frame structures. But the log
structures are also used for such buildings, as traditional solution.

2. EXPERIMENT METHODOLOGY

- Theoretical analysis of the external envelope assemblies with calculation of U-values (as per STN
73 0540 „Thermal properties of building structures and buildings“).

- Temperature and air relative humidity monitoring on site, in real log houses.
- Energy consumption monitoring at operational conditions, according to STN 73 0550, with energy

balance evaluation during heating season, while thermal comfort is considered.
- Precise simulation of the reference object in scientific application Esp-r.
- Comparison of theoretical analysis and experiment on real object.

Table 1. Apparatus description for the environment monitoring

Multichannel data logger AGILENT, designed to monitor interior air temperature, sensors were placed in compliance
with STN  73 0550
Multichannel wireless data logger TFA 30.3015 - station with possibility of max. 5 external sensors, each for recording
air temperature and air relative humidity
Weather station HOBO for monitoring of wind velocity and direction, ambient temperature, relative humidity, solar
radiation

The scope of the monitoring is to state energy consumption for short period of 30 days (much
shorter than a heating season). To transform this energy consumption to standard values, standard
number of degree-days is used, according to procedure in STN 73 0550 „Energy consumption
monitoring in operational conditions“. While performing the monitoring, instructions in STN 73 0550 need
to be followed. We defined sensors placement after detailed inspection of the object and calculating it‘s
thermal characteristics. Recorded data were analyzed after the monitoring and summarized.
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The energy consumption determined by this standard is considered from point of measurement into
heated space. This value represents so-called net energy, where heating system and related efficiencies
of boiler, distribution and control does not need to be taken into account. The value can only include
basement heat distribution efficiency. Such determined value reflects heat losses caused by thermal
properties of building and ventilation, and does not account for energy inefficiency by burning fuel and
distribution to the point of use.

Table 2. Parameters of monitoring
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- ambient air temperature θae [°C] – sensor was placed in shaded box in area of free air flow, at height of 2.1m and
2.5m from the building,
- ambient air relative humidity φ  [%] – places as sensor  θae,
- wind speed va [m/s]- sensor was placed in area of restriction-free area of air flow, 2.0m above ground level,
- interior air temperature sensor θai [°C] - sensor was placed in the middle of selected rooms, 1.5m above floor level,
- interior relative humidity φai [%] - places as sensor θai.

Mo
ni
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in

g
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te
rv

als
:

Intervals for recorded and observed parameters T [day,h] are even and are determined by requirements for their
average day values. Indoor temperature interval can be max. 1 hour. For exterior air temperature, it is usually 1 h,
but readings at time 7:00 – 14:00 – 21:00 are allowed.
Energy consumption is recorded on the edge of the house. The interval is usually 1day (T=1) at the same time of the
day. It is allowed to span the intervals, but max. to 7 days.

Re
co

rd
ed

pa
ra

m
et

er
s: - interior air temperature θai [°C] at typical space of the building,

- ambient air temperature θae [°C],
- heating energy consumption increment, at selected reading intervals.

Pa
ra

m
et

er
s

ob
se

rv
ed

: - interior air relative humidity φ  [%],
- ambient air relative humidity φ  [%],
- wind speed va [m/s]  and wind direction,,
- solar radiation.

The Experiment was carried out on reference square-log building – family house, located in Ponická
Huta, near Banská Bystrica (figure 1.).

Figure 1. South-east elevation of the reference object – square-log house, built in 2005
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Table 3. The reference house characteristics – square log house, Ponická Huta
Ar

ch
i-t

ec
tu

ra
l

ar
ra

ng
e-

m
en

t: -main entrance located from north side of the house, from gravel road,
-the entrance is weather protected, but no fully closed,
- central hall creates main communication space with stairway to first floor
-the basement is not habitable space, it is used as a storage

Ex
te

rn
al 

en
ve

lo
pe

as
se

m
bl

ies
:

-external wall consists of square logs 116mm, insulated to the interior by 120mm of glasswool between battens
-external wall of the attic is timberframed, and includes 100/140mm studs, with glasswool insulation of
140mm,vertical wood cladding is used from both sides
-floor of the basement is created by 150mm of steel reinforced cast concrete
-ground floor is formed by 140mm of steel reinforced cast concrete + 80mm extruded polystyrene insulation
-attic ceiling consists of rafter ties 160mm with glasswool insulation and wood cladding from interior
-pitched roof is based on rafters 180/80mm with 180mm fiber insulation and wood cladding 2mmm from interior

Eq
ui

pm
en

t - hot-water space heating with natural circulation, designed. temp. difference is set  to 90/70°C
- electric hot-water boiler, uses advanced priced electricity
- in 2010 there were flat solar panels mounted to south side of the roof
- DHW (domestic hot water) is prepared in electric cylinder and in instantaneous electric heater

Or
ien

ta
tio

n
of

 th
e

bu
ild

in
g

- south oriented openings area is 20% of total south oriented envelope
- habitable zones have windows oriented to  west and east
- only necessary windows are north oriented

Ar
ea

, v
ol

um
e, 

ba
sic

di
m

en
sio

ns
:

Built-up volume of building: Vb=476,5 m3

Specific area of building: Ab=108,8 m2

Built-up area: S=92,5 m2

Structural height of attic: KVP = 2650 mm
Structural height of ground floor: KVP1NP = 2750 mm
Structural height of basement: KVP2NP = 2500 mm
Habitable area S1 = 98,1 m2

(ground fl =48,7m2 , attic = 49,4m2)
Heating energy consumption during January 2007 = 710 kWh

Table 4. Calculated overall heat transfer coefficient – U-value [W/(m2.K)] for different wood parameters :

Envelope type Ui
[W/(m2.K)]

Ui
[W/(m2.K)]

External wall 0,25 0,26
External wall - attic 0,182 0,19
Basement ceiling (reinforced cast concrete slab) 0,336 0,336
Insulated pitched rood 0,187 0,191
Windows 1,7 1,7
Entrance door 1,7 1,7
Attic ceiling (insulated rafter tie construction) 0,187 0191
Considered  thermal conductivity of wood ( λ ) λ [W/(m.K)] = 0,13 λ[W/(m.K)] = 0,18

Monitored data evaluation as per STN 73 0550 standard for the reference house:
Heating energy consumption for building floors, based on site monitoring: Ebp = 3,9  MWh/Vbp.year.
There are individual average increments for energy consumption and temperature values presented in
tab. 6, for interior and exterior. There are also relevant degree-days showed, determined by equation:= , − , (1)
DT degree-days number [K.day]
T energy increments reading interval (in this particular case = 5)
θi,pr average day temperature for interior [°C]
θe,pr average day temperature for exterior [°C]
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Table 5. Reference heating season and comparable standard conditions:

Building shape factor  ΣAi/Vb [l/m]: 0,796/m
Number of degree-days during standard heating   season: D=3422K.day
Number of days during standard heating season: d=617,78 days
Thermal bridges allowance  ΔHTM [W/K]:                                   ΔUΣAi ΔHTM=37,9W/K
Specific heat loss by heat transition  HT [W/K]: ΣbxUiAi + ΔUΣAi λwood = 0,13 W/mK

HT=160,9 W/K
λwood = 0,18 W/mK

HT=163,6 W/K
Internal gains Qi [kWh]: 5qiAb Qi=3756kWh
Solar gains Qs [kWh]:                                        ΣIsjΣ0,50gnjAnj Qs=1526,4kWh
Utilization factor for heat gains: η=0,95
Air change  (hygienic minimum) n [l/h]: 0,5 l/h

Thermal parameter of building  q [W/m3.K]: 23,95 W/m3.K

Table 6. Monitored values of interior and exterior air temperature, heating energy increments and calculated relevant
degree-days, with resultant energy – temperature correlation 0,97:

Day Energy increments Ed [kWh]
Air temperature in individual zones [°C] Average interior

temperature   θi,pr [°C]
Ambient air
temperature   θe,pr
[°C]

Degree-days
D5 [K.day]θai,1 θai,2 θai,3 θai,4

1.1.

25,2

24,94 23,2 26,48 24,86 24,87 -0,1

107,96
2.1. 23,6 22,9 25,0 23,35 23,71 3,7
3.1. 22,97 22,8 24,6 22,9 23,32 3,4
4.1. 23,0 22,5 24,9 23,3 23,43 1,0
5.1. 24,25 22,98 25,4 23,9 24,13 ,5
6.1.

20,72

22,3 22,2 24,3 23,1 22,98 4,9

91,86
7.1. 23,79 22,29 25,1 23,4 23,65 5,0
8.1. 22,75 22,0 24,68 22,51 22,99 3,3
9.1. 21,97 21,6 23,4 21,7 22,17 4,8
10.1. 22,25 21,7 24,3 22,1 22,59 4,5
11.1.

20,96

22,3 21,8 24,2 22,7 22,75 6,1

88,20
12.1. 22,14 21,85 23,5 21,9 22,35 6,0
13.1. 23,87 22,5 24,6 23,4 23,59 7,8
14.1. 24,3 23,3 25,9 23,9 24,35 6,8
15.1. 23,3 22,65 25,18 23,5 23,66 1,8
16.1.

22,54

22,8 22,3 24,5 22,7 23,08 -0,3

97,44
17.1. 22,8 22,1 23,9 22,6 22,85 0,9
18.1. 22,61 22,26 24,3 22,42 22,90 4,0
19.1. 22,4 21,7 23,8 22,1 22,50 7,3
20.1. 23,3 22,5 23,9 22,76 23,12 5,1
21.1.

26,28

23,9 22,9 25,4 23,6 23,95 7,0

116,45
22.1. 23,26 22,1 24,6 22,8 23,19 3,2
23.1. 22,7 22,23 24,19 22,3 22,86 0,2
24.1. 23,6 22,5 24,8 23,1 23,5 -3,3
25.1. 23,8 23,2 25,01 23,4 23,85 -6,2
26.1.

26,82

24,4 23,9 25,3 24,1 24,43 -3,0

117,37
27.1. 25,5 24,6 26,26 25,1 25,37 -0,3
28.1. 24,86 24,7 25,9 24,6 25,02 1,5
29.1. 23,3 23,19 24,6 23,0 23,52 3,0
30.1. 23,27 22,8 24,7 23,0 23,44 3,2

3. RESULT AND DISCUSSION

Calculation proved specific heating energy demand at value of 70,7 kWh/m2.y, while considering
λwood=0,13 W/m.K, as value for softwood (heat flow perpendicular to grain) according  to STN EN 12524
„Building materials and products. Thermal and moisture properties. Table design values“. If the thermal
conductivity is changed to λwood =0,17 W/m.K, as per STN 73 0540 for building envelope structures,
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specific heating energy demand does not change significantly – it increases by 1,1 kWh/m2.year to 71,7
kWh/m2.year. Based on design calculations the house is rated between standard and energy efficient
building.

Table 7. Calculated heating energy demand based on design scheme with considered natural ventilation  n=0,5 h -1, as
required minimum hygienic value

λwood
[W/m.K]

QH,nd
( design assessment)
[kWh/m2.year]

QH,nd,N
(required by STN
730540)
[kWh/m2.year]

QH,nd,r1
(recommended by STN
730540) [kWh/m2.year]

QH,nd,max
(maximum limit by  STN
730540) kWh/m2.year]

0,13 70,7 85,4 42,7 112,60,18 71,7

Table 8. Specific heating energy demand and thermal characteristic of the building according to STN 73 0550

Specific heating energy
demand, real performance of
the house E2 [kWh/m2.year]

Specific heating energy demand,
design assessment, STN 730550
QH.nd [kWh/m2.year]

Thermal characteristic (heat flow from the
building per 1m3 of the habitable space)
q [W/m3.K]

20,9 21,2 23,95

Heating energy consumption based on the house monitoring is only 30% of the heating energy
determined by design assessment (table 8.). It is visible, that STN calculation procedure does not
represent real energy balance, despite that real climate conditions are used in the STN calculation. As
the house shows excellent combination of overall design concept, insulation standard eliminating
thermal bridges, high solar radiation use, using renewable energy source and intelligent behavior of
habitants, it is easily possible that STN 73 0540 calculation procedure can be out of focus.
There was precise dynamic thermal simulation performed for the reference house, in ESP-r application
(University of Strathclyde, Glasgow), using monitored data of real climate, during exact period. As
a result, the complex thermal overview and the house behavior can be analyzed, also with thermal
comfort of users and heating energy required, for any period of considered time.

Figure 2. 3D model of the reference house, in Esp-r software (thermal zones)

The examined log house was processed in the ESP-r twice, for the same exterior parameters.
Thermal conductivity of wood λwood was the only value that was modified. First, we used λwood = 0,18
W/(mK) as per STN 73 0540. In second step, it was changed to λwood = 0,13 W/(mK) as per STN EN
12524, due to reasons described earlier in the introduction.
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Each room of the simulated house was modeled as independent thermal zone in the 3d model, as
the rooms have different heat storage capabilities of partition walls and are occupied differently. The
areas of the wireframe model surfaces represent heat-transfer walls with defined physical properties.
Each zone has assigned its own simulation conditions and time profiles – parameters of heating,
ventilation, occupation, internal gains, etc. - which are changing in time – dynamic conditions.

Figure 3. Variation of heating energy demand change for Esp-r simulation and design assessment by STN 73 0550,
compared to real energy demand by STN 73 0550

Possible explanation for the noticeable differences in energy consumption is that solar gains only
little affect STN 73 0540 calculation procedure. But, as visible from graphs, the solar gains can
significantly contribute to gained energy and therefore decrease heating energy demand, as seen for
case of the reference house. In Esp-r simulation, detailed solar gains modelling is natural part of
simulation, and it is clearly visible from results that solar gains effect can not be omitted.

Figure 4. Heating energy demand for different  λwood values, determined by – ESP-r simulation and  STN 73 0550
calculation based on monitored data – STN 73 0540 design assessment

4. RESUME

Real electric energy demand for space heating is 710 kWh for the reference house, during observed
period. For comparison, there is adequate consumption of selected types of fuel presented in table 9.

For such low energy demand during monitored period along with high thermal comfort of users, any
of the fuel alternatives is acceptable. Despite of using relatively most expensive electric energy, the
energy costs of 85,2 € per January is at least attractive for standard family house occupants. Taking into
account heating energy expenses, comfortable indoor thermal-humidity environment and almost
maintenance free living, the electric energy seems to be convenient solution.

3,2%

189,3%

5,6%

194,2%

ESP-r STN 73 0550 STN 73 05 40

λ wood = 0,18 W/mK

λ wood = 0,13 W/mK

The percentage variation of heating energy demand depending on
evaluation method used, during monitored periof of January 2007

733 710

2054

750 710
2089

ESP-r STN 73 0550 STN 73 05 40

λ w = 0,18 W/mK

λ w = 0,13 W/mK

Heating energy demand during January 2007 [kWh]
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The heating energy demand during the month from 1st. Jan. to 30th Jan. 2007 appears too low. For this
particular house, while comparing different approaches of evaluation (ESP-r, STN 73 0550, STN 73
0540), the compared parameters clearly show disparity of the methods used. South and south-east
glazing orientation points out how significantly the solar gains along with proper glazing parameters can
affect heating energy consumption. Solar gains depend on glazing optical properties, window geometry
and facade orientation.

Table 9.: Consumption and price of prevalent fuel types, for the reference log house
Heating energy

demand for space
heating

710kWh

Fuel Natural gas Wood Wood pellets Elektric
energyhard (beech) Soft (spruce)

Unit price 0,047 €/kWh 65 €/m3 50 €/m3 0,049 €/kWh 0,12 €/kWh
0,0,36 €/kWh 0,037 €/kWh

Price for fuel
consumption

32,4 € 25,6 € 26,5 € 35,0 € 85,2 €

Sasaki et al. (2007) deal with above mentioned issues. Their study deals with the office building
without using  ESP-r simulation. They also unpublished methods of experiment.

In case of the reference house, after the change – energy transmittance of glass optimalization,
and its integration into STN 73 0540 calculation, the heating energy demand has changed by 10% for
the monitored period. Important influence is also showed by mean solar radiation intensity with direction
Isj, which is standardized by STN calculation procedure. But, significant impact to this value is caused
by mean solar radiation at particular location, depending on local natural conditions – shading objects,
altitude, air pollution, dirt on glazing, particular degree-days number.

However, air infiltration to the house by log wall structure and window gaps has the most important
influence to heating energy demand. We found out, that the square-log wall is highly airtight, as there is
double seal applied to joint between the square logs, and there is double tongue-and-groove formed.
Based on the site monitoring, analysis, simulation and the evaluation in previous chapters, we can state
following remarks and recommendations for wooden log houses:

Different λ-values for wood λw = 0,13 a 0,18 in the calculation directly effect design assessment of
energy heating demand. Thermal conductivity λw of 0,13 W/mK by STN EN 12524 „Building materials
and products. Thermal and moisture properties. Table design values“ reflect real situation better.
According to STN 73 0540 „Thermal properties of building structures and buildings“ the calculated
energy demand is 15% higher than real consumption, while this higher draft value was confirmed for
other reference log houses monitored later, but not presented in this paper.

Precise Esp-r simulation proved to be the most accurate method for heating energy demand
prediction , while it shows realistic values at design stage. The simulation provided complex results for
detailed energy flows and indoor environment parameters, while using calibrated 3D simulation model
of the building.

Primary orientation of possible maximal window area to south and therefore eliminating north
glazing are considered as basic and essential recommendation.

As air pollution is constantly increasing, and it negatively affects possible dirt on glazing, the focus
should also be on clean windows, which guarantee optical comfort as well.

The design assessment of heating energy means contribution to standard building design and for
comparative purposes. But, the absolute descriptive value can be partially out of focus due to excellent
thermal properties of insulated wood log houses and their occupation. Therefore the design assessment
should not be used for predicting absolute heating energy consumption.
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Ventilation turned out to be the weakest point at thermal loss calculation. Because of variability of
log wall design and sensitivity to air tightness, the air change  n= 0,5 l/h per STN 73 0540 is not
satisfactory. In real conditions, air tightness on-site testing is necessary to determine the natural
ventilation. For Esp-r simulation, the air change had to be increased to app. 2 – 3 times higher than the
minimal standard value, to achieve relevant real energy consumption.
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WOOD PRODUCTS USAGE IN RURAL TOURISM BUILDINGS

Pirc Barčić, A; Motik, D; Slivar, V; Hideg, I; Belina, L; Klanfar, F

ABSTRACT

Wood industry presents one of the most important sectors of Croatian economy, while rural tourism sector
present one of the important parts of Croatian economy where a great degree of involvement of wood products
usage is possible. This sector present opportunities for wood products and furniture producers in the context of
designing and furnishing. Rural tourism includes set of all tourism services and activities that take place within
rural areas, which is not necessarily a supplementary activity; the economy which generates additional income,
but may be a professional activity. In spring 2016 email-based study of 320 tourist buildings of rural tourism in
Croatia was conducted. The aim of the study was to identify possibilities of wood products usage in rural tourism
buildings.

1. INTRODUCTION

Rural tourism includes set of all tourism services and activities that take place within rural areas, which is not
necessarily a supplementary activity; the economy which generates additional income, but may be a professional
activity (Baćac 2006). Wood industry presents one of the most important sectors of Croatian economy, while rural
tourism sector present one of the important parts of Croatian economy where a great degree of involvement of
wood products usage is possible. This sector present opportunities for wood products and furniture producers in
the context of designing and furnishing. The aim of the study was to identify possibilities of wood products usage
in rural tourism buildings.

2. MATERIALS AND METHODS

The sample frame for this research were 317 business subject of rural tourism in Croatia which were
taken from the first national catalogue of rural  tourism subjects ‘Rural Toirism of Croatia’) from 2015.  All business
subjects were located in Croatia. An email survey was the method used for surveying respondents for this study.
This approach was selected because it is the most cost-effective method for surveying (Dillman, 2000) and also
insures data collecting over a wide geographic area and low-cost data conversion (Zahs and Baker 2007).
Based on research objectives questionnaire was developed. A draft version of the questionnaire was pre-tested
with five randomly sampled representatives from respondents. The questionnaire was revised, based on the pre-
testing response before the final emailing.

The questionnaire consisted of 17 questions and was divided into three sections: general information,
information about wwood products usage in rural tourism buildings and eelements of decision process in buying
wood products. Amultiple-item scales based on Churchill (1979) observations that no single item is likely to
provide a perfect representation of the general idea was used of some questions. Furthermore, five-point Likert
items, ranging from 1 (strongly disagree) to 5 (strongly agree) or ranging from 1(very unimportant) to 5 (very
important) were also used. For some variables multi choice item measure was used because according to
Thorndike (1967) cited by Lewis-Beck et al. (2004) multi choice item measures can be a superior to a single,
straightforward question. The survey was conducted during the spring 2016. The total number of usable surveys
received was 47 with adjusted response rate of 15%.
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3. RESULTS AND DISCUSSION

3.1. Respondents profile

Given that domain of this research was tourism in rural areas, it was expected that a majority of respondents
would come from rural areas of Croatia. According to results 53% of 47 respondent rural tourism objects were
located in area with less than 1000 inhabitants. Additionally, considering that there are only nine cities in Croatia
with more than 20 000 inhabitants and that in this research there was no respondents from areas with more than
15 000 people, it can be noted that almost 85% of respondents were from rural places of Croatia.

Respondents were asked to indicate there years in business. The oldest respondent rural tourism building
was established in 1983, while the youngest was established in 2014. Over all of the 47 respondent tourist rural
business were relatively young considering that the average age of years in business was 10 years. It is possible
that this presents a year in which business was officially opened/established and when owners of the buildings
decided to start working in rural tourism business, but the buildings (houses,…) were built before in the past. This
can be sustained by result that almost 97% of respondent rural tourist buildings were privately owned, of which
80% were family inheritance, while 18% of this 97% privately owned buildings were bought from private persons
with aim to work in rural tourism business. Only 3% of respondents noted that they have the lease contract to
owners of the tourist building. The average age of rural tourism building was 62.4 years. The oldest building is
from the year 1836., while the newest was built in 2012.

The total numebr of people employed in 47 respndent rural tourism businesses was 164 persons (minimun
number of people per company/object was 1, while maximun number of emoployees per company was 23).
Respondets were also asked to indicate percent of male and female employees. According 47 respondents, 51%
of total employees number were male while 49% of total number of employees were female. Respondents further
were asked to indicate their employee’s age and education levels. Both, age and education were classified into
six categories. As shown in Table 1, according to the 47 respondents, more than half (55.3%) were people
between 41 and 60 years old, while 18.8 %percent were young people (between 18 and 30 years old). Only, 6.1%
of employees were people older than sixty. Further, based on the 47 respondents educational structure of employees
was obtained. Almost sixty two percent of total employee’s number were people with high school education, followed by
employees who have some college graduate degree (14.6%) and graduate degree (12.3%). Of total number of employees,
10.9% were people without any education, while only 0.6% were graduate people with competed Master’s degrees or Ph.D.

Table 1. Employees gender, education, and age structure in the rural tourism buildings
Gender (%) Education level (%) Age groups (%)

Male 51 No education 10.9 18 – 30 years old 18.8
High school 61.6 31 – 40 years old 24.4

Female 49 College graduate 14.6 41 – 50 years old 30.9
Graduate degree 12.3 51 – 60 years old 21.8
M.s./Ph.D. 0.6 Older than 60 6.1

3.2. Wood products usage in rural tourism buildings

Respondents were requested to define wood products that they have in their rural tourism buildings. As
shown in Figure 1, of the 47 respondents, 87.23% of them have interior wooden joinery (doors), followed by
exterior joinery (85.11%), sitting furniture (82.98%), beds (76.6%)m and closets in the form of cupboards,
wardrobes, bookcases (76.6%). Wood products like, kitchen and dining furniture, venetian blinds, floor coverings
were used between 55% and 65% of the respondents. Additionally, wooden wall coverings (38.30%), wooden
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facades (29.79%), and upholster furniture (29.79%) were products present between less than 40% of the
respondents.

Figure 1. Wood product category in rural tourism buildings (n=47)

Legend: WP1 – exterior joinery (windows, doors, …); WP2 – wooden facades (fronts of the buildings); WP3 – venetian blinds; WP4 –
interior joinery; WP5 – floor coverings (parquet, rustic flooring, decking); WP6 – wall coverings; WP7 – kitchen and dining room furniture;
WP8 – sitting furniture (bench, chair); WP9 – upholster furniture (armchair; sofa); WP10 – beds; WP11 – closets (cupboards, wardrobes;
bookcases).

Respondents were required to indicate their level of agreement of disagreement about material
preference in furnishing and equipping interior and exterior of their rural tourism buildings. As seen in Figure 2,
79.07% respondents strongly agreed that they prefer massive wood in interior design/furnishing, while 72.9%
strongly disagree that they would use plastic as material in furnishing interior. Further, almost twelve percent
(11.63%) of respondents strongly agreed that they would choose combination of different material in furnishing
and equipping the interior of their rural tourism buildings. When the 43 respondents were asked to define level of
agreement/disagreement on a 5-point Liker scale in material category preference as shown in Figure 3, more
than ¾ (76.74%) respondents noted massive wood as the most suitable material for exterior design of their rural
tourism buildings. Plastic was the material that respondents noted as the most unfavorable in exterior furnishing
(58.14%).
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Figure 2. Material category preference of INTERIOR equipment in rural tourism buildings (n=43)

Figure 3. Material category preference of EXTERIOR equipment in rural tourism buildings (n=43)

3.3. Elements of decision process in buying wood products

In furnishing and/or renovation of their rural tourism buildings majority of the 37 respondents (70.27%) favor
Croatian wood furniture and products. In addition, the respondents noted that they would equally buy Croatian
furniture in the furniture store or directly form Croatian furniture manufacturer. On the other hand, 26.19% of the
respondents prefer foreign wooden furniture and products.

When the 43 respondents were asked to define importance in a 5-point Liker scale about product factor
elements in decision process of buying wooden products for their rural tourism buildings as shown in Figure 4,
almost ¾ of respondents (72.09%) noted ‘quality’ as  very important element, followed by ‘product functionality’
(60.45%), and design of products (55.81%). Furthermore, between respondents ‘safety’ was also one of definitely
very important factor in decision making process of buying wooden products. On the other hand, factor ‘price’ was
found not to be so important factor in decision process of buying wood furniture, only 29.73% of the respondents
noted factor ‘price’ as very important element when buying a wood products for their rural tourism buildings.
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Figure 4. Factors in decision making process of buying wood products for rural tourism buildings (n=43)

4. SUMMARY

When deciding about type of material in equipping interior of owners/stewards of rural tourism buildings prefer
‘real’ massive wood, followed by combination of materials, while the most unfavourable material were plastic and
metal. In equipping outdoor space the respondents would mostly use also, massive wood and combination of
materials.

Quality of wood products was found to be the most important factor in decision making process of buying
furniture and wood products, flowed by product functionality, product design, safety, country of origin,
environmental characteristics, warranty, price, material combination and as the most insignificant factor was
brand. In making decision about foreign of Croatian furniture majority of owners/stewards prefer Croatian wood
products and furniture what was a logical choice, given that respondents were traditional Croatian rural tourism
object in which all activates are based on Croatian tradition and inheritance. In Croatia rural tourism present a
very important segment for wood furniture and wood product manufacturers. Owner and/or stewards of this places
were noted as potential buyers and users of wooden products, so for wood furniture company managers was very
important to get insights into situation, needs and possibilities of this rural tourism buildings.
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THE IMPLEMENTATION OF PROCEDURES ENSURING THE PRODUCT QUALITY
IN THE WOODEN CONSTRUCTION INDUSTRY ENTERPRISE

Stasiak-Betlejewska, R.

ABSTRACT

The quality formation in the woodworking company covers every aspect of the management, as concerns
the sphere of production organization, process materials and information flow, machinery and equipment
maintenance, training and supervision of product under quality standards. The whole of the quality assurance
procedures in the company are included in the Quality Book of the enterprise. Paper presents chosen case of the
wooden construction industry enterprise implementing quality procedures to improve the production performance.

Key words: woodworking company, quality, standards, procedure

1. INTRODUCTION

The quality formation in the enterprise includes every aspect of the enterprise activity: a production
organization, an organization of process materials, information flow, maintenance of machinery and
equipment, training, nonconformities supervision [Bešker et all 2016; Novaková and Škúrková 2016]. The
whole of quality assurance procedures in the company are included in the Quality Book of the enterprise.

Contemporary enterprises apply Total Quality Management which is a management procedure
aimed at the improvement, the effectiveness and competitiveness of the enterprise activities in the
market. Conditions that characterized a quality management system as the integrated management
system should [Jelačić 1995; Potkány and Benková 2008; Prístavka and Hrubec 2010, Ulewicz 2014; Blašková
et all 2015]:
 implement and supervise policies and clearly defined objectives,
 describe, select and control over the process convenient for the organization what is a process

approach,
 supervise the quality of the control measurements and research findings and the improvement

process of the organization and the final products,
 manage all the company's resources adequately to the employees needs and production processes,
 Take effective way to communicate with the recipients in order to identify their desires, wishes and

requirements and what is important - satisfaction with the cooperation.
Effective implementing and using ISO system is determined by its appropriate understanding and

adapting to the needs of a particular organization to be assimilate with the particular requirements of the
standard.

The introduction of the quality system in an organization requires, inter alia, fulfilment of following
conditions whose realization influents on the high efficiency of procedures supportive for the high quality
products achievement:
1. The management staff involvement that is interpreted as the need to engage senior management

and its responsibility for the implementation and maintenance of the quality system.
2. The quality system that must be designed, implemented, and most importantly documented.
3. Supervision of data and documents - all documents must be checked and monitored in order to check

its validity authenticity by designated employees. The changes in the documentation must be
subjected to the same procedures review and approval as the original documents.

4. Purchases must be obtained from suppliers that meet quality criteria.
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5. Identification of the product - the identification of specific product elements in some cases it must be
possible, even during the production process. The documentation of the production processes allows
reconstructing the production process; diagnose causes of nonconformities occurrence and location
of the problem, correction and prevention in order to eliminate the "failure" in the future.

6. The process steering should ensure appropriate conditions of the production processes realization
to be controlled effectively.

7. The inspection and research that concern products, deliveries or processes should be documented
in the appropriate procedures.

8. The procedures for product that don’t meet customers’ requirements should concern elaborated and
applied procedures explaining how to deal with products not meeting the quality requirements and
explaining the eligibility selection of these products for the repair, alteration or ultimately scrapping.
It is aimed at protection against the transfer of products not meeting quality requirements for further
processing and prevents the possibility of delivery to the co-operating companies or the final
customer.

9. Corrective and preventive actions - procedures of the possible nonconformities occurrence causes
analysis, both in terms of a product and a process, and to take corrective action - should be
established and followed.

10. Controlling the quality documentation - it is necessary to conduct provisions or procedures for filling,
registration and storage of documents. The procedure for storage should allow quick and easy
access to authorized people and prevent access to third parties.

11. Internal quality audits - should be carried out in the enterprise as planned and documented internal
quality audits to verify and activities carried out within its framework in accordance with the applicable
procedures. The essence of this issue relates to compliance with the quality policy of the organization
and its effectiveness. The results of this work should include proposals for corrective actions and
their verification, and, of course, to document their effectiveness. They must be made available to
the persons responsible for the business area.

12.Training focused on the constant improvement of the workers skills and qualifications.

2. RESEARCH OBJECT CHARACTERISTIC

Analyzing process of the quality product formation through a proper organization of the production
process in the chosen construction enterprise it was noted that there are implemented the quality
maintenance and the quality growth procedures (illustrated in Figure 1) which apply to each division,
department, or even each workplace. Each of these components of the process organization are
supported by the Quality Plans based on the quality objectives created for the different "owners" of the
processes. It should be noted that the owners of these processes (employees) are one of the most
important element with regard to the purpose of a specific quality requirements. Company policy in this
regard is not only the constant awareness of the staff about the mission and vision of the quality, but it
also includes training and the personnel qualification that are solid and adequate to the enterprise
objectives.
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Figure 1. The procedure of the quality maintenance and constant quality growth
in the chosen wooden construction industry enterprise.

The analyzed enterprise bases its production on the qualified suppliers, whose evaluation and
selection is carried out in a permanent manner by creating the specified group of suppliers grouping
them into categories A, B and C. The specific category choice for selected suppliers is determined by
the results of tests on the supplies and the point value granted to individual providers is affected by such
factors as:
 the trading ability which is determined for individual suppliers based on the price stability, payment

terms, delivery punctuality and suppliers’ flexibility to quantitatively-assortment changes,
 the quality ability whose the level is determined based on such factors as the number of complaint

deliveries (value, quantity), the percentage of the complaint delivery and the complaint reasons.
The final grade, received by individual suppliers is affected moreover by the quality certificate and

the date of certificate validity. The enterprise emphasises a dynamic approach to determining qualified
suppliers process. Each list of qualified suppliers is established quarterly. Moreover, in determining the
supply sources as well as the supply, the senior management has set a policy in the field that is realized
by Head of Supply and Transport, and which is manifested in the following assumptions:
 purchase of materials and raw materials contained in approved articles by a certificate of conformity

or declaration of conformity - the purchase by qualified suppliers,
 ensuring the safety of products shipped to the customer - measured by the quantity and quality of

transport damage,
 ensuring a timber quality by: a proper drying, seasoning in accordance with the requirements,

a proper storage, maintenance of normative stocks.
In detail, the process of delivering materials and raw materials for the production of wooden joinery

was elaborated by the analyzed wooden construction enterprise in the following records. Purchasing
department realized the production materials purchase on the basis of annual , monthly orders, ad hoc,
annual contracts and imports (on the basis of the contract). Each issued in the purchasing department
order is being recorded, has a serial number, date of issue, address of the supplier, the name of the
requested material, the amount of the ordered materials, required Polish Standard, the factory or
technical requirements, delivery, method of payment, way of material receiving. Ordered materials for
wooden joinery production are delivered on the basis of the order. The materials delivery schedules are
establihsed, depending on the needs of the month, week or a day delivery, with suppliers. Deliveries are
usually provided or received from the manufacturer (supplier) by the means of suppliers’ transport.
Materials delivered to the factory is supervised in terms of the quality through the sorter from the Quality
Control Department. Depending on the kind of a material the supervision concerns:
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 in the case of a timber: a thickness, a width, a length, a grade for compliance with PN-75/D-96000 or
factory standards,

 in the case of a fibreboard – thickness and size of plates are tested, and there are taken samples
from each batch and they are tested by the enterprise laboratory in terms of a water absorption and
swelling,

 painting materials – are examined by the enterprise laboratory,
 building hardware - the quality and performance of compliance with the PN or the WTO.
An important element of the process improvement are the people. Therefore, the policy of the top
management of the analyzed enterprise is, among others, indification of the work meaningfulness. It
awakens new capabilities of employees, their new energy and new imagination that allow to find new
solutions. Creativity is the main attribute, which today is required from the personnel by senior
management. However, employees creativity development requires an appropriate "handling people",
that involves:
 continuous listening to opinions, comments and proposals of workers (e.g. due to working in teams

seeking and shaping the quality - the idea of the quality circles),
 eliminating the causes of failures, not "treating the symptoms". This approach, manifested in honest

conversations about all the problems, discussing misunderstandings and conflicts, makes it appear
the atmosphere in which we all interact with each other, creating a unique and well-positioned to
create quality,

 treatment of subordinates in priority, which means that developing the skills of subordinates is more
important than achieving financial goals for the qualifications, experience and ability to think
creatively; treatment of the personnel as the source of many ideas for improving the woodworking
construction products quality; invaluable concepts enable reductions of any nonconformities.

3. RESEARCH FINDINGS AND DICUSSION

Information on how important the employees skills and qualifications development to functioning of
the enterprise is, was evidenced by the fact of the qualifications plan continuous development, i.e.
training, both in terms of its scope, purpose, time and destiny. Figure 2 presents the procedure for
creating a training plan in the analyzed enterprise including assumptions of the quality constants
improvement. The model assumes that only emplyees know all details of the realized operations in the
processes and problems resulting from the processes failures and possibilities of efficiency
improvement. Without full and conscious workers integration in the organization it is impossible to
achieve its objectives. The application of this principle is supported by the principle of management
involvement.

The other aspect of the quality formation and ensuring in the analyzed enterprise is an aspect of
the supervision on the nonconformities. In the analyzed woodworking industry enterprise, there was
elaborated a procedure focused on the quality management system improvement realized by indicating
and eliminating nonconformities and potential failures related to the product quality or the entire quality
manangement system functioning in the enterprise. The procedure is applied in the entire enterprise in
all processes connected with realization, supervision and assessment of the corrective and preventive
activities that result from the obtained information about nonconformities or potential failures connected
with products or the quality management system functioning.
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Figure 2. The elaboration of the employees’ qualification improvement plan procedure
in the selected wooden construction industry enterprise.

The scope of managers duties and their responsibility related to the implementation of this
procedure is as follows (described also in Figure 3):
 the owner of the process (W) – oversees compliance with procedures and approve changes,
 Plenipotentiary for the Quality Systems (PJ):

 collects and analyzes data on the product quality and the quality management system,
 prepares and initiates The Application on Preventive/Corrective Action,
 supervise preventive and corrective actions,
 estimates preventive and corrective actions,
 is responsible for the implementation of this procedure and for its improvement,

 Fields’ Managers (KO):
 elaborate and maintan preventive and corrective measures to delete identified nonconformities

in the field of occurrence,
 report to PJ reported noted or potential nonoconformities,

 Machines’ operators (OP):
 report to PJ or direct supervisor noted or potential nonconformities,
 cooperates in nonconformities deleting in the own field of activity.

Corrective and preventive action are initiated on the basis of: internal audits, external audits,
customer complaints, complaints of internal management review. In addition, each employee is required
to report noted or potential nonconformities, which can not be deleted on their own, to the fields’
managers (KO). The field manager reports nonconformities to Plenipotentiary for the Quality Systems
(PJ) by using business memo. On the basis of that information PJ assesses the validity of the problem.
If it deems it necessary, a corrective/preventive measures are initiated, whose course is described in the
Application of Corrective/Preventive action adoption. It is recorded in the Register of
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Corrective/Preventive actions led by PJ (details of the procedure shows the algorithm presented in
Figure 3).

Figure 3.  Algorithm of nonconformities supervision in the process realization.

The field manager is responsible for the realization of activities occuring in the nonconformities
area. To implement further action, the field manager may designate an employee or team of employees.
The designated employee or team of employees determines the cause of nonconformities and propose
corrective and preventive actions. The proposed corrective and preventive actions are assessed by PJ.
In the case of a negative assessment, there is proposed re-defining the causes and identifying other
measures to solve the problem. If the assessment is positive, the designated employee or team start to
implement the proposed action. Implemented activities are assessed by PJ. If the assessment is
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negative, there is suggested the identification of nonconformities causes and preparing the new
proposals on the problem solving. The positive assessment of the application request causes its closing.

4. CONCLUSION

The quality assurance is largely derived from appropriate organization of the production process
and in the analyzed company, there is still implemented maintenance and quality growth procedure
which applies to each division, department, or even work position. Applied procedures results from
the integrated components of the quality management system implemented in the enterprise in
accordance to objectives identified in the Quality Book. Responsibility for the processes results is
the object of an evaluation and an improvement in the form of training aimed at the final quality

improvement. It confirms that workers are an important element of process improvement.
The general quality management system improvement requires integrated measures within

the quality policy as the result of the cooperation of the managers and subordinates who are
the processes’ owners. The feedback from the employees group is the crucial element of each proposed
here procedure what enables the mangers define problems and find the appropriate solution in the team
work process.
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DIFFERENT PROFILES OF BRAND PERSONALITY – THE RESULT
OF TWO INDEPENDENT MEASUREMENTS

Maťová, H.; Triznová, M.; Dzian, M.

ABSTRACT

The aim of this paper is to characterise enterprise as a personality. A research compares customers
perceptions on two furniture sellers – IKEA and Möbelix, during two years. Based on the results it defines
each company by human characteristics. The result is "corporate personality profile" for each company.
To identify profiles Geunes, Weijters and De Wulf (2009) method has been used. The first research
study was carried out in 2015 and the second research study was carried out in 2016 on two independent
samples of respondents. It resulted in four different profiles of brands and recommendations for further
research.
Key words: brand personality, corporate personality profile, furniture sellers

1. INTRODUCTION

As was mentioned by Kaputa, Paluš, Vlosky (2015 p. 121) the main competitive advantage of the
Slovak wood processing companies in foreign markets is related to price. They also see opportunity to
change it by using non-price factors.

Customers with positive attitude towards the company, loyal customers and satisfied customers are
the way how to measure the real success of the company on the market in general. These facts were
mentioned in some studies e.g. (Loučanová et al. 2014), (Parobek et al. 2015) etc.

The main aim of this paper is to reveal the brand personality profiles of IKEA and Möbelix (furniture
sellers on the Slovak market) using the new measure of the brand personality (NMBP) which was
developed by Geuenes, Weijters and De Wulf (2009) and to compare them to results of our previous
study which is in print. The first research was carried out in 2015 and the second research was carried
out in 2016 on two independent samples of respondents.

This method can help to reveal brand personality profile which we want to use to reveal the attitudes
of the consumer towards the selected companies.

2. MATERIAL AND METHODS

In our two studies carried out in 2015 and 2016 on two different samples we tested a new measure
for brand personality developed by Geuens, Weijters, de Wulf (2009). This measure consists of twelve
items and five factors – Activity, Responsibility, Aggressiveness, Simplicity and Emotionality (see table
1). They used a 7-point Likert scale to rate brand on 12 brand personality items.

We translated all items from this scale to Slovak language and constructed a questionnaire.
Respondents were asked to rate brand personality traits on a Likert-type scale. The respondents rated
12 items on the scale from 1 – strongly agree, 3 – neither agree nor disagree (neutral answer, the
midpoint of the scale) to 5 – strongly disagree.

There are several other authors dealing with the issue of brand personality measure e.g. Jenifer
Aaker (1997) was the first who tried to create and construct a valid scale to measure brand personality
in US (Whelan and Davies. 2007). The Corporate Character Scale method developed and tested by
Davies et al. (2001, 2004) is used to measure the image and the identity of the companies. Milas and
Mlačić (2007) created Croatian scale and Bosnjak et al. (2007) German scale. Haji et al. (2012 p. 449)
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identified four antecedent constructs for Negative Brand Personality: Corporate Social Irresponsibility,
Self-Incongruence, Brand Confusion, and Price Unfairness. As for Negative Brand Personality we want
to use this scale for our further research.

Table 1. The new brand personality measure (Geuens, Weijters, de Wulf 2009 p. 103).
Dimension Items

Responsibility
Down to earth

Stable
Responsible

Activity
Active

Dynamic
Innovative

Aggressiveness
Aggressive

Bold

Simplicity Ordinary
Simple

Emotionality
Romantic

Sentimental

The sample I consisted of 409 respondents (consumers). We gathered data during November and
December 2015. The sample II consisted of 467 respondents and data were collected during March and
April 2016. The snowball sampling technique was used (non-probability sampling technique) because
we needed respondents that had knowledge and experience with both IKEA and Möbelix companies.
Face to face interviews were carried out in both researches. As for selected time periods for research
studies, Christmas time period and spring were selected because of increasing demand for furnishing
items in Slovak republic.

For data analysis we used the weighted mean score on the 5-pointing rating scale for both
companies as for scale dimensions (see figure 1 and 2). We used mode and weighted mean as well
(see Table 2) for items of the dimensions of the scale.

3. RESULTS

The table 2 shows the results of our two research studies (IKEA I and Möbelix I – these results are
from our study which is in print; IKEA II and Möbelix II are results from our new research which was
conducted in 2016.)

The basic results of first survey (conducted in 2015) are: approximately 55.3% of the respondents
were female and 44.7% were male. All respondents were over the age of 18 years old. More than 65%
of the respondents were under the age of 51. As for the economic status, more than 50% were
employees, more than 15% were students and more than 11% represented entrepreneurs.
Approximately 60% of respondents lived in the cities.

As for results of the second survey (2016): approximately 60% of the respondents were female and
40% were male. All respondents were over the age of 18 years old. More than 82% of the respondents
were under the age of 51. As for the economic status, more than 58% were employees, approximately
20% were students. More than 67% of respondents lived in the cities.
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Table 2. The results from our two researches (2015, 2016).

Dimension Items Mode
IKEA I

Mode
IKEA II

Mode
Möbelix I

Mode
Möbelix II

Mean
IKEA I

Mean
IKEA II

Mean
Möbelix I

Mean
Möbelix II

Responsibility

Down to earth 2 2 2 2 2,09 2,00 2,28 2,21
Stable 1 1 2 2 1,72 1,65 2,1 2,22

Responsible 1 1 2 2 1,8 1,94 2,3 2,36

Emotionality
Romantic 4 4 4 4 3,13 3,12 3,63 3,47

Sentimental 2 4 4 4 3,12 3,10 3,58 3,43

Activity

Active 1 1 2 2 1,69 1,76 2,12 2,18
Dynamic 1 1 2 2 1,95 1,93 2,27 2,43

Innovative 1 1 2 2 1,72 1,76 2,37 2,46

Aggressiveness
Aggressive 5 5 5 5 3,74 3,85 3,56 3,64

Bold 2 2 2 2 2,34 2,30 2,58 2,77

Simplicity
Ordinary 4 4 2 2 3,17 3,16 2,47 2,43
Simple 2 2 2 2 2,21 2,15 2,29 2,32

Figure 1 and 2 graphically illustrate the profiles of the brand personalities – dimensions of the IKEA
and Möbelix.

Figure 1. Two profiles of the IKEA – IKEA results from 2015, IKEA II results from 2016
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Figure 2. Two profiles of the Möbelix – Möbelix results from 2015, Möbelix II results from 2016

3. DISCUSION

Looking at the profile of IKEA (figure 1, IKEA 2015) it is obvious that this company scored highly on
the dimensions of Responsibility and Activity. IKEA is seen as stable and responsible (score at 1.72 and
1.8), Möbelix (figure 2, Möbelix 2015) scored, as for item Stable at 2.10 and Responsibility 2.3. These
scores are very close to point 2 – somewhat agree. Based on the scoring in the dimension Activity, IKEA
is seen as active (1.69 this score is the lowest one), innovative and a bit dynamic than Möbelix.

As for dimension Aggressiveness, IKEA is seen as bold but not so aggressive, Möbelix scored at
3.56 on this item. IKEA is seen by respondents as bold (2.34). Möbelix scored at 2.58 that is close to
midpoint of the scale (neither agree or disagree). The dimension with the highest score is Emotionality
for both companies in 2015. The items from this dimension for IKEA have scores at 3.13 – romantic
(mode is 4) and at 3.12 – sentimental (mode is 2). Möbelix scored at 3.58 (mode is 4) as for item
sentimental. Therefore we can assume that our respondents perceive Möbelix as neither romantic nor
sentimental but IKEA is perceive as sentimental but not romantic.

The dimension Simplicity: These results indicate that IKEA is not perceived as much ordinary as
Möbelix.

In general as for result from survey conducted in 2015: Möbelix scores higher than IKEA on every
dimension except dimension Simplicity and there is a high level of visual similarity between the profiles
of both companies.
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As for results from research study conducted in 2016 – profiles for Möbelix are quite similar. Small
difference we can see in dimensions: Aggressiveness and Activity. The modes for Möbelix (comparing
the 2015 and 2016, table 2) there is no difference.

The results for IKEA are very similar, there are small differences in profiles (see figure 1) and there
is no difference between modes (see table 2).

3. CONCLUSION

The main aim of this paper is to reveal the brand personality profiles of IKEA and Möbelix using the
new measure of the brand personality (NMBP) during 2016 and to compare them to the results of
previously research study from 2015

The final results suggest that IKEA is mostly seen as active, stable, innovative, responsible and
dynamic but not aggressive and ordinary; Möbelix is more or less seen as stable, active, dynamic, down
to earth, simple, responsible but not sentimental and romantic.

We can say that there is very small difference among results of our two independent studies. IKEA
has a strong position in the Slovak market and Möbelix (discount seller) has one strong competitive
advantage based on low prices.

As for future research, we decided to carry out a deeper analysis of the obtained data.
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INTERMUNICIPAL AND INTERSECTORAL COOPERATION
AS A TOOL OF SUPPORTING LOCAL ECONOMIC DEVELOPMENT: SELECTED

EXAMPLES FROM THE FOREST AND WOOD-BASED SECTOR IN POLAND

Chudobiecki, J.; Potkański, T.; Wanat, L.

ABSTRACT

Intermunicipal and intersectoral cooperation are still underdeveloped spheres of public and economic
development policies. Academic discussions are invariably focused on pro-competitive activities, the economic
efficiency of which is not always sufficient. In this paper the authors attempt to identify factors leading to
cooperation between local government authorities and economic entities, focusing on examples from the forest
and wood-based sector in Poland. These processes are analysed in the framework of the New Institutional
Economy, both in the theoretical and practical context.
Key words: intermunicipal cooperation, intersectoral cooperation, partnership, new institutional economy, wood-
based sector, Poland.

1. INTRODUCTION

Due to changes in the shaping of local and regional development, which are taking place in Europe
and around the world, institutional and economic relationships between the entities creating them are
being verified. This refers to intermunicipal relationships, provided we are dealing with such a model of
local community organisation, as well as to intersectoral connections to the same extent. Most
importantly, phenomena linked with the penetration of individual functional areas and economic sectors
are evolving. These borders, still marked mainly by territorial conditions, are not subject to typical
limitations any more, irrespective of the scale of the phenomenon. The greater the influence of a selected
sector of the economy or entity/institution on the development of a specific territory, the greater the force
of impact of these relationships. Certainly, an impact of characteristic factors on the intensity of
developmental processes is noticed, including:

• cultural changes (including needs and expectations of inhabitants);
• changes in competitive situation (social and economic);
• innovativeness and development of new technologies;
• changes of local competitive potential (self-governments, entrepreneurs, households).
Such a set of factors referring to local development challenges seems insufficient. Obviously,

competitiveness of a local economy, availability and attractiveness of services (social, technical, etc.)
for inhabitants of cities and municipalities, and most of all human potential, still decide about
development. Simultaneously, development barriers exist which – to a different extent – determine the
functioning of municipalities, administrative districts (powiats20) or sub-regions in conjunction with the
economic activity of enterprises and the everyday life of their inhabitants. Indicating limited amounts of
resources, the need for seeking new and dynamic factors is perceived as a starting point in local
development programming. Their potential source may constitute an adequate model of intermunicipal
and intersectoral cooperation. A development policy based only on competition is no longer sufficient
and often leads to opposite effects to those intended.

The authors of this paper made an attempt to verify a hypothesis which assumes an advantage of
development factors built on the basis of cooperation models, and not only resulting from the
requirements of competitiveness. Based on own research studies, case studies and a descriptive
analysis, an analysis of local development was made with reference to a specific sector of the economy

20 The term “powiat" (in Polish) is most often translated as "county" (into English).
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in Poland, i.e. the forest and wood-based sector. Selected factors of cooperation between local
authorities and economic entities for the benefit of territorial development were examined in this context.
The selection was made on the basis of Poland's economic development and the importance of the
wood-based sector21 for the economy.

2. THE IMPORTANCE OF THE FOREST AND WOOD-BASED SECTOR FOR REGIONAL
DEVELOPMENT IN POLAND

When analysing the importance of the forest and wood-based sector, it is appropriate to firstly
consider the role of forest resources. Forests cover more than 4 billion hectares of the total surface area
of the world, which means approximately 0.6 ha of forests per capita. The surface area of forests in
Poland totals 9.3 million hectares – 0.23% of the global surface area of forests (55th place) and 6% of
the surface area of forests in Europe (10th place). The forest ratio in Poland (in relation to its land surface
area) is 29.3%. This value is close to the average forest ratio in the world (29.6%) and to the forest ratio
in Europe, which is 30.3% (excluding Russia). Moreover, standing timber resources in Poland constitute
9.5% (2.3 billion cubic metres) of all forest resources in the European Union (4th place in EU) [GUS
Leśnictwo 2015].

The Polish wood industry plays an important role for the development of the economy. The most
important sectors based on wood include: sawmill industry, furniture industry, cellulose and paper
industry, market of wood-based panels. This industry is highly fragmented and focuses on small and
medium-size businesses (there are only a few large enterprises). A significant number of micro-
enterprises (covering approx. 30% of the entire sector) are not included in any official statistics. The
share of the wood-based industry in the production of the entire Polish processing industry is more than
9%. The wood industry processes more than 37 million cubic metres of round timber on average per
year, purchased mainly from National Forest Holding "State Forests" (Państwowe Gospodarstwo Leśne
Lasy Państwowe) and worth more than PLN 7 billion22. The potential of the wood industry is additionally
confirmed by the level of employment – more than 260 000 employees (including 124 000 in the furniture
industry and 49 000 in the paper industry). The production value in the wood-based sectors exceeds
PLN 90 billion (including PLN 32 billion in the paper industry and PLN 28.3 billion in the furniture
industry); the upwards trend is maintained. The value of export of wood industry products in Poland
totals more than EUR23 15 billion with an upwards trend. Export of furniture dominates and reaches the
value of PLN 6.7 billion. Poland is the fourth largest exporter of furniture in the world (following China,
Italy and Germany), while other EU countries are the main recipient of Polish furniture (more than 80%
of export value) [GUS Leśnictwo 2015].

The competitive position of the Polish wood-based sectors is relatively strong. It is an effect of forest
resources, the quantity and quality of round timber acquired from the national resource base, as well as
continually growing significance of wood-based products in global production and trade. Despite the
imbalance in the Polish wood market and the deficit of the wood raw material (a permanent phenomenon
being an effect of the application of the principles of sustainable forest management), there is no threat

21 The forest- and wood-based industry belongs to special sectors of the economy. Problems of the economic, environmental
and industrial nature coexist within its boundaries. It may seem obvious, because the concept of "sustainable development"
comes directly from forestry. The author of this concept (Hans Carl von Carlowitz), defined as such the concept of forest
economy which consists in obtaining only the amount of industrial wood that can be recreated based on natural renewal (thus
creating a new chapter in economic sciences [Mantel 1973, Wanat 2009]). Additionally, the traditional model of the economy
is questioned increasingly more often. A need has been identified to seek new paths of economic growth based on the
concept of the so-called green road to development [Chudobiecki and Wanat 2015].
22 For comparison, the current average exchange rate is 1 USD = 3.9164 PLN [source:
http://www.nbp.pl/homen.aspx?f=/kursy/ratesa.html – accessed 2.09.2016].
23 For comparison, the current average exchange rate is 1 EUR = 4,3796 PLN (source:
http://www.nbp.pl/homen.aspx?f=/kursy/ratesa.html - accessed 2.09.2016].
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for the development of wood-based industries in Poland. The following factors have a decisive impact
on that: dynamic increase of demand for wood, fashion for wood and popularity of wood as an
environmentally and human friendly raw material [Kaputa, Paluš and Vlosky 2016]. A study of
intersectoral and intermunicipal relationships – as potential factors of development – seems justified with
reference to the wood-based sector, especially owing to its territorial dispersion.

3. DILEMMAS OF INTERMUNICIPAL AND INTERSECTORAL COOPERATION FOR THE BENEFIT
OF DEVELOPMENT

Successive exhausting of resources which were the basis of local and regional development in
Poland after 1989 is observed [Szewczuk 2016]. These resources include: income generated by
traditional sectors of economic activity, free land and facilities, unused human resources. Revenues from
sale of property in the conditions of relative short-term economic prospects, European Union funding
and credits (i.e. one-time or short-term income) have been used to finance local development so far. At
the same time, the scope of tasks of regional and local authorities has increased; changes resulting from
globalisation processes are taking place in the economy; local communities are getting older and
population numbers are actually going down. Demographic changes result from a drop in the birth rate
and unfavourable migration tendencies. At the same time, they are the cause and effect of cultural,
systemic and structural changes in the economy. It seems that in the face of challenges associated with
globalisation and glocalisation24, a human being (human capital) who does not want to be dependent on
competition law only becomes the key factor of development25 [Słodowa-Hełpa 2015].

Functioning in changing conditions requires integration and improvement of the system of territorial
development management by local authorities. Based on analyses conducted so far, monitoring and
evaluation of changes taking places inside local communities and in functional areas are considered the
starting point [Wanat and Potkański 2011]. This mainly includes:

• assessment of municipality's potential within the scope of its own functional area;
• redefinition of the role of a municipality within its own functional area;
• permanent adjustment of infrastructure, economy and services in a given functional area to

dynamically changing needs.
At least some local development barriers have been identified in this context:
• a change of a traditional economy model to a knowledge-based economy;
• outflow (internal migration) of the most talented inhabitants to other cities and regions;
• urban sprawl and escape of inhabitants of city centres to suburban areas26;
• a necessity for permanent education and constant adjustment of employees' potential to structural

changes and expectations of the labour market;
• a growing level of social inequalities, being a result of technological, economic and cultural

exclusion in local communities;
• a limited offer of local services (based on infrastructure rather than social resources) with

a dropping impact on the quality of life of inhabitants;
• a relatively low level of collaboration between local authorities, social partners and entrepreneurs

in the local and regional dimension.

24 Glocalisation “expresses the way globalisation dynamics - are always reinterpreted locally, leading to an interpenetration
of the local and global scales that created context- dependent outcomes”. Some authors [Robertson 1992, Swyngedouw
1997, Backhaus 2003; Słodowa-Hełpa 2015] go so far “as to consider that glocalisation in the way that globalisation really
operates”. Like the other “dynamics of globalisation, glocalisation also takes place in different fields” (first of all, in the field of
culture and economics) [source: http://www.glopp.ch/A4/en/multimedia/glocalisation.pdf - accessed 2.09.2016].
25 See the research work in the field "The Interdisciplinary Nature of the New Paradigm of Development - Considerations and
Proposals for Improving the Dialogue…” [Swyngedouw 2004, Słodowa-Hełpa 2015].
26 The case of big cities.
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It is worth comparing the indicated barriers with a thesis formulated by Richard Florida, the
author of "Who is your city?", who tries to convince that the possibilities of local development are
influenced to a large extent by an ability to attract young inhabitants. Cities and regions that attract young
people win the competition with other cities for a better future. The winning places are the ones that
become appealing for the youth [Florida 2010]. Actually, research studies confirm that sudden and rapid
development is observed in places where young people migrate and settle. This view, in conjunction
with the results of studies in local self-governments, leads to an interesting conclusion, i.e. local
development will probably be determined by creative economy, in particular the force of combining the
quality of an offer for young people with the level of intersectoral cooperation in functional areas. With
reference to sectors of the economy, including the wood-based sector, challenges in terms of building
intersectoral cooperation have been identified in three main areas [Wanat and Lis 2009]:

• establishing and developing small and medium-size businesses;
• research and creative economy (innovations);
• efficient energy and use of renewable energy sources.
In the light of various observations it is required to improve the effectiveness of providing public

services in collaboration with partners (process innovations) and using modern technologies (product
innovations). It is extremely difficult to work out and implement an effective development policy without
being oriented on cooperation, coopetition and constant exchange of experiences between partners
from various sectors.

4. ASSESSMENT OF THE CONDITIONS OF INTERMUNICIPAL AND INTERSECTORAL
COOPERATION IN POLAND

Each settlement unit (e.g. a municipality) is a part of a specific functional area. Therefore, the
addressee of the development policy should not be only an administrative unit, but a functional area
which may create many administrative units, and entities operating within a given territory. It is hard to
imagine development of functional areas without the support of partnership tools. There are no
comprehensive regulations in Polish law which would organise the matter of cooperation between local
government units, both in the intermunicipal and intersectoral aspects.

Naturally, several so-called institutional forms of cooperation with the participation of local
government units have been identified. They include: unions of local government units, metropolitan
unions, agreements of local government units, associations with the participation of local government
units (including local action groups) and commercial companies with the participation of local
government units. Cooperation may also be established under public-private partnerships in case of
single projects. Other forms of cooperation are regulated by contractual freedom under civil law; they
are the basis for the following: consortia, clusters, agreements on mutual cooperation and exchange of
experiences. Their application, however, is characterised by limited coverage, mainly due to institutional
barriers. The Polish legal system does specify a universal formula of institutional cooperation. The
differences in functioning structures are linked among others with:

• partnership composition and mode of partner selection;
• objectives of partnership operations;
• scope of obligations and responsibilities;
• methods of financing;
• flexibility in the shaping of cooperation rules.
Legal provisions determine to a large extent the Polish model of intermunicipal and intersectoral

institutional cooperation [Potkański 2016].
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4.1. The "model of cooperation" – paradigm of partnership
A new proposal of a cooperation model is a result of research studies regarding various factors of

intermunicipal and intersectoral cooperation. The model describes a desired target set of mechanisms
of cooperation in key aspects of a partnership's functioning. These aspects, in the form of scenarios
enabling evaluation of partnership quality, have been presented as 10 standards of institutional
cooperation. Seven standards refer to strategic management of territorial development, while the
remaining three are associated with operational management of relationships within a partnership. An
integral partnership requires a combination of aspects of the strategic, operational and uniform
development of the 10 areas, determined by the "canons" of cooperation model standards (see: Table1).

Table 1. The 10 areas determined by the "canons" of intersectoral cooperation model standards

THE “CANONS” OF COOPERATION MODEL STANDARDS

Strategic dimension (strategic management in a partnership)

I. Partnership composition
(a team adjusted to cooperation objectives)

Objective-oriented cooperation of entities from
3 sectors (public, social and economic)

II. Partnership's potential
(a diagnosis of resources and developmental

needs of a functional area)

A constant diagnosis of a functional area
and identification of development factors

are the foundation of cooperation

III. A network of functional connections The potential of functional connections
in the scope of public services

and market activity on the territory of a partnership

IV. Development programming
(sectoral strategies and programmes)

Implementation of strategies and programmes
of functional area development

V. Integration of services and infrastructure
(coordination of resources

and public services)

The level of infrastructure and service integration within
a functional area

is considered the measure of development

VI. Integration and operationalisation
of development strategies

(for a partnership and for partners)

The compliance
of strategic and operational documents

of all partners with development priorities

VII. Monitoring and evaluation Permanent assessment
of partnership's performance and effectiveness

Operational dimension (management of relationships in a partnership)

VIII. External relationships
Partnership's communication

with inhabitants and other stakeholders
is a tool enabling to build social trust

IX. Space for debate and internal communication
Professionalism and transparency of debate as well as

quality of dialogue in a partnership are considered criteria
of cooperation development

X. Mutual trust
Relationships in a partnership are based on:

mutual trust, equal treatment and just distribution of
responsibilities between all "actors"

THE AGGREGATE DEVELOPMENT INDEX  (ADILGU)27

Source: own elaboration based on [Potkański 2016, pp. 127-163,
http://zpp.pl/sites/default/files/aktualnosci/publikacja_wspolpraca_jst_ok.pdf#page=127, accessed: 21.08.2016].

The "model of cooperation" determined by the ten standards is complemented by two evolutionary
postulates. They include a competitiveness diagnosis and an analysis of functional connections in

27 A model was created Aggregate Development Index (for local government units {LGU}) [Potkański 2016].
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a partnership. One of the measures supporting the process of evaluation is the so-called Aggregate
Development Index [Potkański 2016, pp. 36-42].

4.2. The Aggregate Development Index
A model was created Aggregate Development Index (for local government units {LGU}), which can

be presented in the following manner:
ADILGU = f (Q) {Q1; Q2; Q3; Q4; Q5; Q6; Q7; … Qn}

Individual symbols mean:
ADILGU – Aggregate Development Index (based on the model);
Q1 – Wealth of inhabitants;
Q2 – Level of economic activity;
Q3 – Infrastructural space productivity;
Q4 – Local real estate market potential;
Q5 – Demographic potential;
Q6 – Level of social development (the most - destimulant);
Q7 – Demographic burden (the most – destimulant);
Qn – Additional measures (the most – specific determinants).

The value of the Index is composed of at least 7 main elements, which reflect individual components
of a municipality's potential (functional area). These include: (1) wealth of inhabitants (PIT per capita),
(2) level of economic activity (CIT per capita), (3) infrastructural space productivity, (4) local real estate
market potential, (5) demographic potential (the so-called Creativity Index by Richard Florida) – as
stimulants, and (6) level of social development (unemployment) and (7) demographic burden – as
destimulants. The catalogue of components is an open set, permanently infinite, dependant on the
individual features of a functional area.

The value of the Aggregate Development Index was calculated as a sum of standard deviations for
particular components. The components were not given any measures to make the process simpler.
The "Z-scores" method was applied, which enabled to determine the aggregate value of the index as
a sum of standardised values of partial components [Potkański 2016, pp. 40-42]. Selected results were
illustrated in a table and graphically (see: Table 2 and Figure 1).

Table 2. Changes to the Aggregate Development Index ADILGU value in the years 2008-2014

ADILGU changes in the years 2008-2014 in Poland

LGU (municipalities) Drop ADI Growth ADI

TRENDS

Change ADI Number
municipalities

Big cities (powiat) 60 (91%) 6 (9%) More than 5 points ↓ <-13;-5> 47
Municipalities (other) 188 (79%) 50 (21%) Less than 5 points ↓ <-5; 0> 1105
Urban-rural municipalities 307 (50%) 304 (50%) Less than 5 points ↑ <0; +5> 1315
Rural municipalities 597 (38%) 967 (62%) More than 5 points ↑ <+5; +28> 12

Selected intersectoral partnerships in the
forest- and wood-based sector28 ↑ 58% 2479

(100% LGU/municipalities in Poland [2014])

28 The Index value estimated statistically - representative sample - of partnerships in the forest and wood-based sector,
working in 5 regions: Opole, Szczecin, Zielona Gora, Koszalin and Olsztyn [Wanat 2016]. The formulated sub-model - for the
forest and wood-based sector - explains 58% of the variability of predictor Ŷ (endogenous variable), which is the value of the
Aggregate Development Index ADILGU (confidence level 90%, fraction size 0.5, and maximum error of estimate 10%). There
was a trend similar to that for all municipalities (rural) [Graczyk 2005, Pokusa 2011, Lis 2012, Wanat 2016].
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Source: own elaboration based on [Potkański 2016, pp. 40-42,
http://zpp.pl/sites/default/files/aktualnosci/publikacja_wspolpraca_jst_ok.pdf#page=41, accessed: 21.08.2016].

4.3. The growth potential map of intersectoral partnerships in Poland

Legend of the Index ADILGU values:

<-13,5; -5,0 >
<-5,0; -2,5 >
<-2,5; -0,5 >
<-0,5; 0,0 >
< 0,0; 0,75 >
< 0,75; 2,5 >
< 2,5; 8,5 >
< more 20 >

Figure 1. The variation of the value of the Aggregate Development Index municipalities in Poland (difference 2008-2014)

Source: [Potkański 2016, p. 41, based on:  Porawski A., Potkański T., Czajkowski J.M., Szewczuk J., Ogólna
charakterystyka stanu i uwarunkowań współpracy jednostek samorządu,

http://zpp.pl/sites/default/files/aktualnosci/publikacja_wspolpraca_jst_ok.pdf#page=41, accessed: 21.08.2016]

In the examined period from 2008 to 2014, a drop in the Aggregate Development Index was
observed in general for 1152 municipalities (the drop was significant in case of 47), while an increase of
the Index value was identified for 1327 municipalities (including a significant increase in case of 12).
This increase refers mainly to rural municipalities. No significant change was observed for urban-rural
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municipalities. Meanwhile, a substantial drop of the Index value was observed for towns and cities
(including mainly 60 towns and cities with powiat rights). Moreover, a relatively constant level of the PIT
per capita component was observed, with a simultaneous significant rise of the total dependency ratio
(demographic burden) [Potkański 2016, pp. 40-42].

Selected examples of intersectoral partnerships, co-established by entities from the forest and
wood-based sector, were selected from a multiple case study and included in a comparative analysis.
In places where an intersectoral partnership was functioning effectively, a significant increase of the
Aggregate Development Index for a given functional area was observed in the analysed period.
Moreover, shifting tax "productivity" from cities to neighbouring areas, including suburbs (local migration
and urban sprawl), constitutes an argument in favour of intersectoral cooperation development.

5. CONCLUSIONS

The following conclusions were formulated:
1) Investigating the potential and development capabilities of functional areas is of essential

importance for the economic development of regions, especially for industries characterised by high
territorial fragmentation, e.g. the forest and wood-based sector in Poland.

2) An analysis of changes in the Aggregate Development Index values makes it possible to identify
the functional areas and municipalities which have a capacity to establish intersectoral partnerships.
Comparing the map of spatial diversity of the Aggregate Development Index with the map of forest
resources potential and the location of entities from the forest and wood-based sector makes it possible
to indicate additional criteria for the development of intersectoral partnerships with the participation of
forest management.

3) Institutional conditions of intermunicipal and intersectoral cooperation in Poland are concurrently
an opportunity and a barrier for the establishment of partnerships with the participation of the forest and
wood-based sector. The model based on the "canons" of cooperation quality assessment standards may
be a tool enabling to evaluate opportunities for the development of intersectoral partnerships of an
institutional character.

4) Structural similarities of partnerships established by local government units and the forest and
wood-based sector in Poland result from the conditions of the economic policy and public policies. They
are determined by the natural monopoly of State Forests (Państwowe Gospodarstwo Leśne Lasy
Państwowe) as well as the high degree of institutionalisation of the wood market in Poland (primary
market). The functioning of a secondary market in the forest and wood-based sector, dispersed and
territorially diversified, is subject to market mechanisms. However, due to the dependence on wood
resources, local wood markets are determined by the impact of the primary market of an institutional
character.

A research approach, applied in this paper, to the examination of the development of intermunicipal
institutional partnerships may constitute a starting point for a study regarding intersectoral cooperation.
The analysis of selected examples from the forest and wood-based sector in Poland shows that the
dynamics of integrated development of functional areas are determined by collaboration between and
combination of the potential of different, both institutional (public) and market, entities.

Acknowledgements: This paper was prepared within the project "Scholarship support for PH.D. students
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FUNCTION AND USE OF PEFC C-O-C CERTIFICATION IN THE EU TIMBER
REGULATION SYSTEM OF DUE DILIGENCE

Dudík, R.

ABSTRACT

The paper presents basic results of created methodology related to the EU Timber Regulation (EUTR). The
methodology brings the PEFC C-o-C system into line with the requirements of EUTR legal regulations according
to TD CFCS 2002:2013. The starting point consists in differences identified between the requirements of EUTR
legal regulations imposed on operators and the requirements of TD CFCS 2002:2013 standard. In addition, basic
requirements of EUTR legislation are highlighted that are imposed on wood-processing enterprises, which are
operators at the same time. Analysed is also the area of imports of selected wood-based products to the Czech
Republic from regions, which are problematic for risky imports of controversial sources of raw wood material.
Key words: PEFC, chain of custody, EU timber regulation, controversial sources, operator

1. INTRODUCTION

Pursuant to the Regulation of the European Parliament and of the Council No 995/2010, due
diligence systems represent one of tools employed to minimize the risk of placing illegally harvested
timber or products derived from such timber on the market of the European Union. During the last several
years, one of key issues discussed by international forest forums has been how to prevent the
merchandise of illegally harvested timber and products derived from such timber (Dudík, Šišák 2014).

On the other hand, to determine the contents of the concept "illegal timber harvesting" is not an
easy task as mentioned by Dudík, Šišák (2014). Discussions are led worldwide about what exactly can
be considered illegal. Here we should point out that an internationally recognized definition of illegal
timber harvesting does not exist. What is taken for legal in Vietnam may not be legal in Indonesia and
vice versa. According to literature, illegal timber harvesting generally occurs if timber is felled,
transported, sold or purchased in contravention with the national law (Heeswijk 2010). Unfortunately,
activities that are considered illegal greatly differ in various sources. Some authors even differentiate
illegal timber harvesting and illegal forest activities. According to them, illegal timber harvesting is a part
of these activities, which also include illegal activities occurring during transport, illegal processing and
export, wrong customs clearance or tax avoidance (Guertin 2003). Illegal timber harvesting is generally
quite common in most countries that are main timber producers (China, India, Canada, Indonesia and
Brazil). The extent of illegal timber harvesting in some countries is so large, and the enforcement of law
so poor, that detection and punishment are virtually impossible. It is generally estimated that up to ¾ of
the tropical timber and up to ½ of the timber for industrial purposes have to do with at least one illegal
activity. Particularly problematic regions are the Amazon River Basin, Central Africa, Southeast Asia and
Russian Federation (Brack 2006). Thus, countries in these regions can be considered risky in terms of
placing on the market illegally harvested timber and products derived from such timber.

The whole issue resolving the placement of timber and timber products on the market (commonly
used is also a EUTR acronym – for EU Timber Regulation) stems from a concept of the European Union,
which is projected in the following three principal regulations:

 Regulation (EU) No 995/2010 of the European Parliament and of the Council laying down the
obligations of operators who place timber and timber products on the market – hereinafter
"Timber Regulation" (EU 2010).
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 Commission Delegated Regulation (EU) No 363/2012 on the procedural rules for the recognition
and withdrawal of recognition of monitoring organizations – hereinafter "Regulation (EU) No
363/2012" (Commission 2012a).

 Commission Implementing Regulation (EU) No 607/2012 on the detailed rules concerning the
due diligence system and the frequency and nature of the checks on monitoring organizations
– hereinafter "Regulation (EU) No 607/2012" (Commission 2012b).

2. OBLIGATIONS OF WOOD-PROCESSING ENTERPRISES - OPERATORS

If a forest owner identifies himself as an operator, there are three basic obligations arising for him
(Dudík, Šišák 2014):

1. The placing on the market of illegally harvested timber or timber products derived from such
timber shall be prohibited (the operator is namely an entity, which places timber and timber
products on the internal EU market for the first time).

2. Operators shall exercise due diligence when placing timber or timber products on the market.
For this purpose, they shall use a framework of procedures and measures hereinafter referred
to as DDS as set out in Article 6 of the Timber Regulation.

3. Each operator shall maintain and regularly evaluate the due diligence system, which he uses,
except where the operator makes use of a due diligence system established by a monitoring
organization.

The operator has essentially two possibilities how to introduce the due diligence system:
1. The operator will introduce a DDS developed by himself:

a) The operator shall develop a DDS of its own within the frameworks set out in Article 6 of
the Timber Regulation with taking into account the actual situation in which he appears.

b) The operator shall develop a DDS of his own within the frameworks set out in Article 6 of
the Timber Regulation while using other systems covering objectives similar as EUTR (this
will largely apply to forest certification systems and systems of the consumer chain of forest
products) with taking into account the actual situation in which he appears.

2. The operator shall make use of a due diligence system established by a monitoring
organization – as set out in Article 8 of the Timber Regulation.

Thus, responsibility for the functional and maintained DDS is either on the part of the operator (in
the case of own establishment) or also on the part of the monitoring organization (in the case of
establishing DDS for the operator).

3. FORESTRY CERTIFICATION SYSTEMS

Requirements of forestry certification systems are analysed, in relation to the certified organizations
and to the EUTR generally. The comparison of the surveyed requirements clarifies the role of forest
certification systems in the EUTR (Dudík, Riedl 2015).

First, it is worth highlighting that the Commission Implementing Regulation (EU) No 607/2012 sets
basic terms of use of certification in risk assessment and mitigation. When a forest certification system
meets the requirements, it can be used in the framework of EUTR. Besides, forest certification systems
in the context of the Czech Republic constitute an independent and separate certification:

 Sustainable Forest Management (SFM) and
 Chain-of-Custody of Forest Based Product (C-o-C).
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In 2013, the PEFC International revised its international standard for C-o-C, and consequently, the
Czech Republic revised its technical document setting the requirements for C-o-C. A revised C-o-C
document TD CFCS 2002:2013 resulted. This technical document contains – apart of standard demands
for C-o-C – also minimum requirements for the due diligence system. Actually, if operators apply C-o-C
system together with the TD CFCS 2002:2013, they will also, in principle, meet the due diligence system
requirements. Nevertheless, operators should take on the responsibility to create a due diligence system
customized for their particular circumstances. TD CFCS 2002:2013 standard formulates concrete
requirements in defined frameworks, i.e. not the particular circumstances of a particular operator;
therefore, it is important to apply a due diligence system in accordance with EUTR European regulations.
The above mentioned standard, however, presents a good concept of how the due diligence system
might look like (Dudík, Riedl 2015).

EUTR Implementation Rules complements the situation: “Certification of the supply chain can be
used as a proof that no non-certified or non-controlled timber enters the supply chain. Generally, it is
desirable that only licensed timber enters the supply chain ʻat critical check pointsʼ and that the timber
is traceable to its previous owner (who must also be certified), not only to the forest it was harvested in.
A supply-chain-certified product might contain a mix of certified and other licensed materials from various
sources. If the certification of the supply chain is used as a proof of legitimate origin, the operator should
ensure that all the material is licensed, certified, and its monitoring processes sufficient to eliminate other
than the licensed material.”

The citation applies to C-o-C certification of any forest certification system. It is obvious – in relation
to the explanation above – that it might be cost ineffective for some operators to create an appropriate
due diligence system by TD CFCS 2002:2013 – especially in case of our smaller subjects who apply an
easy and unambiguous identification of their timber sources.  Major subjects with varied sources of
timber entering the market might find the creation of a due diligence system (by TD CFCS 2002:2013
standards) a possible way to comply with the Timber Regulation. This conclusion basically corresponds
with conclusion of Paluš et al. (2014).

In the conclusions of his study, Dudík (2014) documents the possibility of using the functional
established PEFC C-o-C system in organizations for demonstrating the fulfilment of requirements
following out from the EUTR legislative regulations. A gap analysis of the PEFC C-o-C standard
requirements and the requirements of EUTR legislation revealed that the PEFC C-o-C standard
requirements are at a level of the requirements of European legislation nearly in line with the
requirements of EUTR legislative regulations. In the case of PEFC C-o-C standard requirements, s
space for enhancement is seen in the following areas:

1. An obligation should be introduced for PEFC C-o-C certified organizations for product groups
defined by the organizations to include on the input wood and wood-based products, which are
at the same time listed in the Annex to the EU Timber Regulation no. 995/2010.

2. An obligation should be introduced for PEFC C-o-C certified organizations to evaluate the risk
of acquiring the raw wood material from controversial sources for all input forest-based
materials without exception.

With regard to the requirement of risk assessment in the procurement of raw material from
controversial sources, it is useful that each organization has an idea about the risks in the context of
country or region from which the raw material originates. The information is also important for competent
authorities in the individual EU countries.

Competent authorities should monitor that operators effectively fulfil the obligations laid down in
this Regulation. For that purpose, the competent authorities should carry out official checks, in
accordance with a plan as appropriate, which may include checks on the premises of operators and field
audits, and should be able to require operators to take remedial actions where necessary.

The plans of inspections then have to take into account the risks of timber or wood-based products
originating from controversial sources being marketed in the given EU country. Here, the analysis of
selected imported wood-based products may become a considerable contribution in drafting the plans
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of inspections. Volumes of the imports of some products from selected "risk countries" outside EU are
presented in the following chapter.

4. RISK OF PLACED ILLEGALLY HARVESTED TIMBER ON THE MARKET IN THE CZECH
REPUBLIC

As to the import of raw timber in 2008, it amounted to 1.122 million m3 of which 1.073 million m3

originated from the countries of EU-27 (MoA 2009). Here, it is important to bear in mind that the Timber
Regulation applies to more products than just to raw timber – see the Annex to the Timber Regulation.
The below presented tables and diagram focus products and commodities imported to the Czech
Republic in the period from 2005-2013, which are covered by the following codes of the Combined
Nomenclature: 4401, 4403, 4406, 4407, 4408, 4409.

Table 1 shows the value of imports of commodities covered by the six above-mentioned codes of
the Combined Nomenclature to the Czech Republic in the period from 2005-2013. In the descending
order, the table brings a list of countries from which commodities were imported to the Czech Republic
at a value exceeding in total 1 million EUR in market prices. It follows out from the table that the highest
imports in the studied period were from Russian Federation (117.409 million EUR). Imports closely over
1 million EUR (1.180 million EUR) were from the Central African Republic.

Table 1. Imports to the Czech Republic from selected countries in the period from 2005-2013
in thousands EUR – market prices

ISO country code
Year

Total
2005 2006 2007 2008 2009 2010 2011 2012 2013

Country thousand EUR
RU Russian Federation 14,104 12,229 11,562 13,772 12,731 16,320 15,783 10,847 10,061 117,409
UA Ukraine 6,020 4,460 6,250 5,271 5,024 9,045 13,601 13,125 14,573 77,369
BY Republic of Belarus 1,431 492 320 137 497 7,021 9,287 12,637 11,129 42,951
EE Republic of Estonia 4,855 4,040 2,673 4,512 3,916 4,011 4,302 2,790 2,134 33,233
ID Republic of Indonesia 4,940 6,222 7,363 3,204 2,587 1,472 2,586 1,837 2,071 32,282
LT Republic of Lithuania 185 294 476 604 1,698 862 1,194 4,671 4,326 14,310
BR Federal Republic of Brazil 595 985 1,360 2,180 1,625 1,335 1,118 1,978 1,707 12,883
LV Republic of Latvia 1,099 523 1,238 1,398 530 770 606 506 709 7,379
CG Republic of the Congo 502 171 1,085 243 221 940 947 1,041 1,237 6,387
MY Malaysia 361 469 487 334 350 442 454 317 266 3,480

CD Democratic Republic of the
Congo 75 313 669 574 694 352 413 231 0 3,321

GH Republic of Ghana 549 769 481 338 144 245 143 23 48 2,740
UZ Republic of Uzbekistan 302 1,706 0 35 192 103 94 0 0 2,432
CM Republic of Cameroon 249 112 370 210 245 205 179 284 442 2,296
AM Republic of Armenia 598 1,010 42 20 0 0 0 0 0 1,670
CF Central African Republic 19 14 6 0 0 106 681 253 101 1,180

Data: Czech Statistical Office 2014, own processing

Codes of the Combined Nomenclature:
 4401: Fuel wood, in logs, in billets, in twigs, in faggots or in similar forms; wood in chips or

particles; sawdust and wood waste and scrap, whether or not agglomerated in logs, briquettes,
pellets or similar forms.
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 4403: Wood in the rough, whether or not stripped of bark or sapwood, or roughly squared.
 4406: Railway or tramway sleepers (cross-ties) of wood.
 4407: Wood sawn or chipped lengthwise, sliced or peeled, whether or not planed, sanded or

end-jointed, of a thickness exceeding 6 mm.
 4408: Sheets for veneering (including those obtained by slicing laminated wood), for plywood

or for other similar laminated wood and other wood, sawn lengthwise, sliced or peeled, whether
or not planed, sanded, spliced or end- jointed, of a thickness not exceeding 6 mm.

 4409: Wood (including strips and friezes for parquet flooring, not assembled) continuously
shaped (tongued, grooved, rebated, chamfered, V-jointed, beaded, moulded, rounded or the
like) along any of its edges, ends or faces, whether or not planed, sanded or end-jointed.

Figure 1 shows the structure of imports by the respective codes expressed by the value of imports
in market prices as in Table 1 (selected countries are indicated using ISO country code). The value of
imports by the individual codes represents their sum for each country in the period from 2005-2013.

Data: Czech Statistical Office 2014, own processing

Figure 1. Structure of imports to the Czech Republic from selected countries in the period from 2005-2013
in thousands EUR – market prices

Table 2. Total value of imports to the Czech Republic from risky countries in the period from 2005-2013
in thousands EUR – market prices

Commodity
code

Year
Total

2005 2006 2007 2008 2009 2010 2011 2012 2013
thousand EUR

4401 1 30 81 66 1,822 4,046 3,736 3,839 5,555 19,176
4403 4,363 5,201 4,696 3,039 4,631 11,016 15,033 19,562 18,702 86,243
4406 1 0 0 4 0 31 152 233 327 748
4407 21,972 20,170 22,478 21,523 17,125 21,863 25,359 19,739 17,341 187,570
4408 4,297 2,782 2,306 3,901 2,818 3,004 3,518 4,338 3,395 30,359
4409 6,829 6,507 5,991 5,658 4,755 4,146 4,231 4,713 4,299 47,129
Total 37,463 34,690 35,552 34,191 31,151 44,106 52,029 52,424 49,619 371,225

Data: Czech Statistical Office 2014, own processing
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The value of all imports to the Czech Republic from risky countries according to commodity codes
in the period from 2005-2013 is presented in Table 2. The total value of imports in the studied period
amounted to 371.225 million EUR in market prices. Thus, the analysed imports from the above-listed 16
countries represented over 97% of all commodities imported to the Czech Republic from risky countries
in the period from 2005-2013.

5. CONCLUSION

Based on the carried out analyses, it is possible to state that the requirements of the PEFC C-o-C
standard are nearly compatible with the requirements of EUTR legislation. There are only two
vulnerabilities in the PEFC C-o-C standard requirements, which can be quickly solved. The risks of
launching wood or wood-based products from the controversial sources of the Czech Republic are
minimal. The situation is different in the case of imports where most of the observed products (expressed
in monetary units) are imported to the Czech Republic from the Russian Federation, Ukraine, Republic
of Belarus, Republic of Estonia and Republic of Indonesia. Operators importing wood-based products
from these countries should become a subject for inspection from the part of competent authorities. As
to imported volumes of wood-based products, the highest amounts come from countries outside the
European Union. Analogically, there is a high risk that these imports will include also the raw wood
material from controversial sources.

Acknowledgements: This work was supported by the National Agency for Agricultural Research, projects
No. QJ1530032 and No. QJ1220313.
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VOLUME ESTIMATION OF SAWMILL WASTE IN FORESTRY RESEARCH
INSTITUTE OF NIGERIA (FRIN)

Areo, O.S., Adejoba, O.R and 2Omole, O.A

ABSTRACT

One of the factors identified contributing to forest loss is the amount of wood waste generated during
conversion. This study analysed volume estimates of timber conversion at the sawmill section of Forestry
Research Institute of Nigeria, Ibadan, Oyo State, Nigeria. Twenty-three logs from different wood species were
available in the mill during the conversion process for monitoring. The percentage total wood waste generated
during conversion process at the mill was found to vary for the species. The percentage waste generated for
Terminalia cattapa, Triplochiton scleroxylon, Khaya senegalensis and Melicia excelsa are 11.7%; 33.6%; 17.4%
and 15.1% respectively, similarly the log volumes are 2354m3, 6791m3, 3519m3 and 3614m3. This shows that the
waste generated from the saw-mill during conversion is a little bit lower compare to the logs. The percentage of
recovery of the  species was found to be significantly different. The study shows that conversion efficiency of the
mill is comparably low; this has the potential of increasing demand for more logs and forest exploitation. There is
a need for improved technology that promotes efficient and effective timber conversion to facilitate sustainable
timber exploitation in the mill.
Keywords: Sawmill, round log, wood waste, volume, conversion process.

1. INTRODUCTION

The sawmill industry in Nigeria was among the most developed sectors of the nation’s economy in the
1960s to the early 1970s contributing about 70% of the country’s Gross Domestic Product (GDP) (Ogunwusi,
2012). Sawmilling has been defined as the process of converting round wood from the forests into lumber by
using a variety of machines. Some of the machines include bandmills, capable of breaking down logs into desired
specifications and re-sawing machines for processing the cants and flitches into specified and marketable
dimensions (Lucas,1995, Aina,et al 2004.). Sawmilling is a primary industry which provides raw materials to other
industries such as construction, joinery, furniture and others. Sawmills can be categorised according to size,
machinery and raw materials requirements (Weerawansa and Amarasekera 1997; Caldera and Amarasekera,
2015). However, in recent years, sawmills in Nigeria are undergoing a difficult period as a result of a multiplicity
of factors (Ogunwusi, 2012). Most sawmills are depreciated, have a low recovery rate of less than 53% and lacks
the capacity to process small diameter logs from forest plantations (FOSA, 2009). Low recovery rate, as well as
a lack of capacity to process small diameter logs from tree plantations by sawmills have been discovered as
significant drivers of deforestation and forest degradation in Nigeria.This disturbing paradigm is slowing down the
development of forest industries in the country. In Sawmilling operations, waste is produced and are usually
referred to as losses even though they could be put into other uses (Akachuku, 2000).

Awe (2000) describes conversion as a measure of sawmill efficiency and it is defined as the
percentage volume of sawn timber that can be cut from a given volume of debarked log. Waste in sawmill is
classified as avoidable and unavoidable wastes. Unavoidable waste include the sawdust, slabs, wanes and bark
while the former are the absence of substandard lumber dimensions which often result from improper sawing,
poor conditions of saw blades and lack of proper log impaction before sawing, hence Gbadamosi (1983)
reported that to produce 1m3 of sawn wood, 2.2m3 of log is needed.

It is, therefore, evident that a large proportion of wood input is converted to wastes and this represents
a substantial loss in monetary value and ultimately increased pressure on available timber resources.Therefore,
this study is to estimate the percentage volume of wood wastes been generated during sawmilling operation in
FRIN owned sawmills in order to determine the percentage input and output of logs.
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1.1 Volume estimation

Wood volume is a cubic measure of the amount of wood, or wood plus bark, present in an individual
tree, group of trees, or stand. Volume is usually measured in cubic meters, but may be measured in other units
specific to intended commercial products and the statistical process of deriving information about a tree as a
function of the measured trees variable. Standard volume tables (equations) are often used to estimate tree
volume as a function of tree diameter and height for both routine forest measurement and for forest research
purposes. A recognized shortcoming is that a standard volume table (equation) may fail to estimate the volume
of sample trees in a specific stand. This may happen if the actual taper of the sample trees of a stand differs from
the average taper of the trees used in the construction of the volume equation. Use of these volume equations
ignores the variation that occurs because of taper differences.

1.1.1 Factors influencing lumber yield.

Factors influencing lumber yield and value have been identified as the factor influencing the timber
recovery from logs during conversion in the mills. These include: log shape (sweep, tape crooked and straight),
log sizes (girth and the length). Kinds of conversion and processing machine, machine maintenance culture,
availability of machine parts and experience of the operators (Badejo, 1990). According to Zobel and Talbert
(1991), log straightness improves both yield and quality of timber. In order to reduce the volume of wood wastes
in the log conversion process and sustain the sawmills and corresponding profit margin, there should be an
intensive research focus on efficient conversion of the log so as to stem down the percentage of waste in Nigeria
sawmills (Badejo, 1990).

2.MATERIALS AND METHODS

Study Area: The study was carried out in FRIN,

lat 7023’20N,long 30 51’20E
Fig 1: Aerial survey of FRIN

2.1 Log dimension and volume estimation

A total of 23 logs of varying sizes and shapes were sourced from four (4) timber species available in the
sawmills at the time of this study and they are: Melicia excelsa, Terminalia catappa, Khaya senegalensis,
Triplochiton scleroxylon.

Plate 1: Showing logs deposited in the logyard of CD6 sawmill. Plate 2: Showing sawdust in the CD6 sawmill
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Measurement of large end diameter, the small end diameter and as well as the length of the logs was
recorded. The processing was done using the CD bandsaw machine in the department of Forest Products
Development and Utilization in FRIN. The log volume and waste generated were determined during conversion
using (a) measuring tape of 15m length and the following analysis was done using a Smalian method to estimate
the log  volume.

Plate 3 ; Showing CD Bandsaw machine Plate 4:  Showing CD6 Bandsaw machine

2.1.1 Volume Estimation of Wood Waste Estimation of Total Volume of Log

Total volume of log was estimated using the formula= ( + )2 ×
Where:
V = Volume of round log measured over bark
D = Cross sectional area of large end of  log
d = Cross sectional area of  a small end of a log
L = Length of a log

Estimation of Volume of Sawdust
The volume of sawdust is the total volume of the kerf.

Therefore volume of sawdust
Where:
K = Kerf
K = (kerf width) × (width of the cut surface) × (length of log).

Length
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3.RESULTS AND DISCUSSION

These results show the estimated volumes of logs to the volume of sawdust observed in the sawmill (
CD6) at FRIN as represented in Tables 1-4. The calculated average volumes of total logs and wood waste are
represented in Table 5. For Terminalia cattapa, the log volume is 23535m3 with sawdust waste of 11.664%;
Triplochiton scleroxylon, log volume of 679125m3 with sawdust waste of 33.552%; Khaya senegalensis, the
log volume is 35193.8m3 with sawdust waste of 17.3916%; and Melicia excelas, the log volume is 36127.5m3

with sawdust waste of 15.0855%. This shows that the waste generated from the saw-mill during conversion is a
little bit lower and efficient in. accordance to Ekhuemelo and Atondo (2015) efficiency of wood conversion in
sawmills implies that wood residue generated during conversion is reduced to bearest minimum. This as a result
of smaller kerf width of the blade, the smaller the sawdust generated.

Table 1: Volume estimation of Terminalia cattapa using CD6 Bandsaw machine.

S/N Length Lower
end(mm) Butt Volume

est.(mm)
V.E
(cm3)

Width Of
C.S(mm)

Width x
Length

Sawdust
(mm)

Sawdust
(m3)

1 3600 1675 1950 6525000 652500 2787.5 10035000 321120 321.12
2 3600 1925 2350 7695000 769500 3312.5 11925000 381600 381.6
3 3600 2300 2875 9315000 931500 4025 14490000 463680 463.68

Source: Field Survey, 2016.

Table 2: Volume estimation of Triplochiton scleroxylon using CD6 Bandsaw machine.

S/N Length Lower
end(mm) Butt Volume

est.(mm)
V.E
(cm3)

Width Of
C.S(mm)

Width x
Length

Sawdust
(mm)

Sawdust
(m3)

1 2100 1600 1750 3517500 351750 2550 5355000 171360 171.36
2 2700 1050 1375 3273750 327375 1900 5130000 164160 164.16

Source: Field Survey, 2016.

Table 3: Volume estimation of Khaya senegalensis using CD6 Bandsaw machine.

S/N Length Lower
end(mm) Butt Volume

est.(mm)
V.E
(cm3)

Width Of
C.S(mm)

Width x
Length

Sawdust
(mm)

Sawdust
(m3)

1 3000 1300 1700 4500000 450000 2350 7050000 225600 225.6
2 2100 1000 1275 2388750 238875 1775 3727500 119280 119.28
3 1800 1625 1725 3015000 301500 2538 4567500 146160 146.16
4 2700 1200 1275 3341250 334125 1875 5062500 162000 162
5 2700 800 1225 2733750 273375 1625 4387500 140400 140.4
6 2700 850 1025 2531250 253125 1450 3915000 125280 125.28
7 1800 1000 1625 2362500 236250 2125 3825000 122400 122.4
8 3600 1350 1650 5400000 540000 2325 8370000 267840 267.84
9 3600 1675 1650 5985000 598500 2488 8955000 286560 286.56
10 2700 1025 1150 2936250 293625 1663 4488750 143640 143.64

Source: Field Survey, 2016.
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Table 4: Volume estimation of Melicia excelsa using CD6 Bandsaw machine.

S/N Length Lower
end(mm) Butt Volume

est.(mm)
V.E
(cm3)

Width Of
C.S(mm)

Width x
Length

Sawdust
(mm)

Sawdust
(m3)

1 1450 1425 2700 3881250 388125 3412.5 4948125 158340 158.34
2 900 280 3600 2124000 212400 3740 3366000 107712 107.712
3 2400 1520 3600 7056000 705600 4360 10464000 334848 334.848
4 1500 1200 2700 3645000 364500 3300 4950000 158400 158.4
5 1750 1800 2100 3727500 372750 3000 5250000 168000 168
6 1375 1575 3600 5310000 531000 4387.5 6032813 193050 193.05
7 900 1025 2700 2598750 259875 3212.5 2891250 92520 92.52
8 1925 2400 3600 7785000 778500 4800 9240000 295680 295.68

Source: Field Survey, 2016.

3.1 Volume of Log to Volume of Sawdust.

Table 5: Volume of Log to Volume of Sawdust.
Species Sawdust (m3) Log Volume(m3) Sawdust (%) Log Vol. (%)
Terminalia cattapa 1166.4 23535 11.664 235.35
Triplochiton scleroxylon 335.52 6791.25 3.3552 67.9125
Khaya senegalensis 1739.16 35193.8 17.3916 351.9375
Melicia excelas 1508.55 36127.5 15.0855 361.275

Fig 2: Graph showing Log Volume against Sawdust Volume

4. CONCLUSION

Volume estimation of sawmill wastes is important in order to know a number of wood wastes during the
conversion process. This shows the efficiency of the process of conversion in the sawmill at the Institute is
relatively efficient and observed reduction in waste generated in the sawmills could be attributed to training and
regular skill upgrading programme of the technical staff. It is, therefore expedient to encourage the use of sawmill
wastes hitherto increasing the profit in sawmilling business, generation of biofuel and other uses.Its, therefore
recommend that proper and efficient utilization of wood wastes by saw millers and the government should be
encouraged so as to increase profitability and reduce deforestation. Saw millers should be exposed to extension
services on the best way to manage their saw-mills so as to reduce sawmill wastes. More research should be
carried out on wood wastes utilization.
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